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The RIGHT Ho NOURABLE 


The Eatl of O R R E R F. 


My LORD, 


OUR known parts and learning 
juſtly entitle your Lordſhip patron 
to any deſerving production of ge- 

nius or ſtudy: But the volume here in- 

ſcribed to your Lordſhip, has à farther 
right to your countenance and favour ; 

as not only treating of ſubjects, for a 

thorough knowledge whereof your 

Lordſhip is become eminent ; but being 

part of a work originally proceeding. 

from one, whoſe immortal name adds 
to the dignity of your illuſtrious family. 


Vol. II. A2 Mr. 


| DEDICATION. 
Mr. Boyle ſurvives in his works; but if 
we would ſee him expreſsd by real life, 
we mult turn our eyes upon your Lord- 
ſhip, and your noble family, in whom 
reign, to perfection, the fine taſte, and 
the comprehenſive genius; the candid, 
generous, and communicative temper, ſo 
eminently predominant in Mr. Boyle. 


1 


May it pleaſe your Lordſhip, 
Tour Lordſbip's moſt humble, 
4 mnoſt obedient, 

and moſt devoted Servant, 


Peter Shaw. 


THE 


C O N T 


ENTS 


OF THE 


SE COND 


PHYSICS. 


Experiments and obſervations. 


vpon colours, 
SECT. I. 


fity of colours, what it ſig- 


 nifies. Page - 
2. Colour, what. | 
3. Whether colours depend upon te 
ſurfaces of bodies. 
4. A blind man who diſtinguiſhed = 
1 by the touch. 
5. Heu changes are produced in cars, 


I 
6 Winks all bodies are WOES. + ? 


20 
7. Whether obje&ts are coloured in the 
dark ? 


23 
8. Whether emphatical colours be real 


or imaginary? ib. 
SECT. Ib 

9. The nature of whiteneſs, 27 

10. The nature of blackneſs. 33 


Vor. II. 


VOLUME. 


I I. The nature of whiteneſs and black- 
neſs ſhewn by experiments. p- 37 

12, An enquiry into the cauſe of þ * 
neſs in the N 

13. Whiteneſs produced in chymical * 
cipitationt. 46 

14. Whether black receives no other co- 
hour ; and white all colours? 47 

15. Colours depend not on the TE 
forms of bodies. 

16. DS _— doctrine of Had 

e 
SECT. III 

17. Many changes of colour produced 4 
one fi mple ingredient. 

18. * made in a ae 


19. Object e in different kinds 1 
20. 1 with the tincture ti 


Lignum nephriticum. 
21. To find whether an acid or « fads 
reous liquor predominates in a "mo 


22. Different colours obſerv'd in clad 
Piece of daſs. 


64 
23» 


The Contents of the Second Volume. 


237 _ ſimple and primary colours but 
p- 65 
* The ſun? s light ſtain'd with the co- 


tours of tranſparent. bodies in Pate 
n e. . - 


25. Apparent colours e as — 
genuine. 66 
26. Experiments made with a colour d 
priſm. 67 
27. Limpid liquors may afford 1 
Vapour. ib. 
28. Several aways of producing a green 
with a blue and yellow. 68 
. The manner wherein this colour may 
1 bly be produced. 69 
30. The mixture of every yellow and 
blue will not afford a green. 70 
3 1. The colours of the rain-bow exhibited 
in very thin ſubſtances. ib. 


32. Hrup of violets, and the juice of 
btue-bcttles, by a change f colour, 


_ diſtinguiſh an acid from an alkali. 71 . 


33. The production of a Blue colour. 73 

34. Of a red. ib. 

35. What quantity of a limpid . a 
pigment may tinge. . 

36. Acid, . alkaline, and urinous fs: ; 


change the colours of many vegetable 
ib. 


produttions. 
37. Ganges of colour by digeſtion, &c. 
particularly a redneſs. 77 


38. Different effects of an acid, in the 
produttion of colours, reconciled. 80 
39. The colours of the fumes of bodies, 
and of the ſubſtances they form, olſer- 
ved in diftilations, &c. ib. 
40. Various changes of colour, cauſed by 
ſaline ſpirits, in the tinflures of vege- 


tables. 81 
41. A colour inflautly generated, and 
Mp deftroy'd. 8 


es reaſon of this pho 
4 
43 · Te preceding experiment waried. 


85 


44. To find what kind of ſalt, whether 
acid, volatile, or fixed, predominates 
in an aſſign 4 liquor or ſaline body. 

86 


© 45. One body changed into more, o 4. 


rent colours, by a colourleſs ingredient. 


89 
46: Changes of colours produced in a — 
white body, by ſpring water. 91 


47. A permanent colour produced by a 


particular arrangement of parts. 92 
48. Various colours produced an different 
parts of the ſame liquor. ib. 


49. Chauges of colour may greatly depend 
upon the peculiar texture of the men- 


ſtruum. 94 
50. The different colours of metals in 


different ſtates, 95 
51. An eaſy method of examining ores. 
109 

52. The way of making counterfeit 3 


53. Mineral folutions may give di Sevens 
colours from their own. 101 
54. The method of preparing a yellow Ve- 

getable 
55. Alum, being a ftrong matter, FA 
'wed by acid, yr when uſed as a 
-precipitant, be, itſelf, precipitated. 
102 


A free enquiry into the vulgar 
notion of nature. 


SEC T. I. 1 2 
HE vulgar notion of nature 
prejudicial to religion aud phi- 
106 


0 5 
great ambiguity of the word — 
- 3; . 'of ike this — 


110 

4. Whether the nature of a thing be the 
* it receives from the creator? 111 
Fo 


5. Ariſtotle's definition of nature ob- 


| ſcure and unſati factory. p.112 

175.6 e 
6. The received notion of nature, what ? 
113 


7. A new notion of nature, general and 
articular, advanced. ib. 
8. Il effefts of the vulgar notion of na- 
tare upon religion. ib. 
9. Reaſons againſt admitting the vulgar 
notion of nature. 116 
10. The reaſons whereon the vulgar notion 
of nature depends, examined. 123 
11. The vulgar notion of a criſis exami- 
ned. 129 
SECT. III. 
12. Axioms about nature, how far, and 
in what ſenſe, to be admitted. 134 
13. Whether every nature preſerves it- 
ſelf? ib. 
14. Whether nature never fails of her 
end? 135 
15. Whether nature always acts by the 
ſhorteſt ways ? 136 
16. Whether ſbe always does what is 
5% | 137 
17. Whether nature abhors a vacuum : 
13 
18. Whether nature cures diſeaſes ? 140 
19. Whether nature be a ſubſtance or an 
accident, body or ſpirit ? 145 
20. The uſe and advantages of this en- 
quiry. 148 


An enquiry into the final cauſes 
of natural things. 


1. Hether the final cauſes of na- 
tural things are knowable 


to men ? 150 
2. Final cauſes, uhat they may fignify. 
| 151 
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SECT II. 


3. Whether final cauſes are to be ex- 


petted in all, or only in ſome particular 
bodies ? p· 59 
4. Evident marks of defign in the ſtruc- 
ture of the eyes, and other parts ani- 
mals. 161 
5. Chance, an imaginary being. 166 
6. Revelation allows us to ſpeak more 
pofitrvely of final cauſes than natural 
philoſophy. 168 


SECT. III. 
7. How inanimate bodies may aft for 
ends wherewith they are unacquainted. 


170 
SECT. IV. 
8. How final cauſes are to be confider'd. 
172 
9. As to the celeſtial bodies. 172 


10. And thoſe that are terreſtrial. 175 
11. *Tis often allowable from the manifeſt 
and appoſite uſes of the parts of animal 
bodies, to collect ſome of the particular 
ends, for which the creator defign'd 
them: and in ſome caſes from the 
known nature and ſtructure of the 
parts, to draw probable conjectures about 
the particular offices of them. 177 
12. E is rational from the manifeſt fii- 
neſs of ſome things to coſmical or ani» 
mal ends, to infer, that they were 
thereto ordain'd by an intelligent agent. 
180 

13. We ought not to be haſty in conclu- 
ding upon the particular uſe of a 
thing, or the motive which induced the 
author of nature to frame it in a pecu- 
liar manner. 191 
14. The naturaliſt ſhould not ſuffer the 
ſearch, or diſcovery of final cauſes, to 


make him undervalue or neglef# the 
194 


enquiry after their efficients. 


Things 


VIII 

Things above reaſon conlider'd. 

SECT. I. 
1. HT Hing, above reaſon of three 
kinds. | P-197 
2. Incomprehenfible. ib. 
3. Inexplicable. ib. 
4. Unſociabl. © 198 
5. Privileg'd things, what ? ib. 
6. The imperfection of the human _ 
ib. 
7. Aſter what manner human reaſon 


a Ot . ü 200 
8. Whether men may, with juſtice, diſ- 


. courſe of things above reaſon? 204 
SECT. I. 

9. Rules for judging of things above 
reaſon. 211 
10. The firſt rule. ib. 
11. A ſecond rule. 213 
12. A third rule for judging of things 
above reaſon. 214 
13. A fourth rule. 216 

14. Reaſon, what ? 218 


15. A fifth rule. 221 


16. The fixth and laſt rule for judging of 


things above reaſon. 


The philoſoph ical difficulties 
relating to the reſurreQion, 
conſider d. 


1. DReliminary obſervations. 229 
2. Identity; the difficulties of 
conceiving it. ib. 
3- The grand ol jection againſt the Re- 
ſurrection. 231 


4. Anſuer d. ib. 


The chriſtian virtuoſo. 
Xperimental philoſophy leads to 


religion, in general. 239 
2. By diſecvering the exiſtence of God. 
ib. 


225 


J. 
* 
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3. The immortality of the ſoul. p. 241 
4. And ſettling the belief of a divine 
providence. 242 
5. Experimental philoſophy draws the 
mind from ſenſual things. 246 
6. Gives it a docility. 247 
7. And a fitneſs for ſearching into 
deep truths, 247 

8. Experimental philoſophy leads to the 
chriſtian religion, in particular. 248 


9. Different kinds of experience. 249 
Io. Perſonal. 1b, 
11. Hiſtorical. 1b. 
1 2. And theological or ſupernatural. ib. 


13. We ought to believe ſeveral things 
upon the information of experience, 
mediate and immediate, which without 
that information, we ſhould judge un- 
fit to be credited ; cr antecedently to 
it, actually judg d contrary to reaſon. 

250 

14. We ought to have a great and — 
ticular regard to theſe things that are 
recommended to our belief, by what we 
reduce to real, tho ſupernatural ex- 
pertence. 253 


The high veneration man's in- 
tellect owes to God. 


x. OD may have ſeveral attri- 
butes and per fections unknown 

to us, 264 
2. Effects of the divine power, 266 
3. The vaſt magnitude of the whole 
material world. | ib. 
4. The prodigious quantity of motion 
given thereto and maintain*d therein. 
267 

5- The wiſdom of God differently ex- 
preſſed, 269 
6. In the various contrivances of ani- 
mal bodies. | ib. 
7. In the mutual uſefulneſs of his pro- 
ductious to each other, 270 
8, 
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8. And in the forming aud governing 
other ſyſtems beſides the ſolar. p. 270 
9. Still greater inſtances of power and 
wiſdom, in the formation and govern- 
ment of immaterial beings. © 274 
10. Great inſtances of wiſdom in the re- 
demption of man. 275 
11. The immenſe difference between the 
creator and his creatures. 275 
12. The ſuperiority of the divine know- 
ledge to that of man. ib. 
13. The obligation men are under to ve- 
nerate and contemplate God. 277 
14. The manner wherein this is to be 
done. 280 


SrATICSs. 


Hydroſtatical paradoxes proved 
and illuſtrated by experi- 


ments. 
1. Doſtulata and Lemmata. 285 
2. Paradox I. 
In all fluids, the upper parts gravitate 
on the lower. 287 
Paradox II. 


3. 

A lighter fluid will gravitate upon a 
heavier. | 293 

4. Paradox III. 

If a body be ubolly, er in part, immerſed 
below the ſurface of water, its lower 
part will be preſſed upwards by the 
water contiguous to it, from beneath, 


296 

5 Paradox IV. 
A competent pr. ſſure of an external fluid 
is alone ſufficient to raiſe the water in 


pumps. 300 
G Paradox V. | 
The preſſure of an external fluid will keep 


an heterogeneous liquor ſuſpended at the 
Same height, in tubes of very different 
301 


bores. 


, Paradox VI. 

The direct preſſure ſuſtain'd by a body, 
placed any where under water, with 
its upper ſurface parallel to the hori- 
Ton, is that of a column of water, 
whoſe baſe is the horizontal Juperficies 
of the body, and height the perpendi- 
cular depth of the water : and if the 
water preſſing upon a body be contained 
in open tubes, its preſſure is to be aſti- 
mated by a column of the ſame, the baſe 
whereof equals the lower orifice of the 
Pipe, and height a perpendicular from 
thence to the top of the water : and 
this tho the pipes ſtand obliquely, be 
irregularly ſhaped, or wider in ſome 
parts than the ſaid orifice, p.303 

8. Paradox VII. 

A body immerſed in a fluid, ſuſtains a 
lateral preſſure A. 3 which in- 
creaſes with the depth whereto it 5s 


plunged. 307 
9. Paradox VIII. 
Water will as well depreſt, as ſupport a 


body ſpecificaly lighter than itſelf... 


309 

10. Paradox IX. 
Notwithſtanding the doctrine of piſitive 
leui ty, an oil, lighter than water, 
may be kept immerſed in that fluid. 


310 
11. Paradox X. | 
The aſcent and flux of water in fiphons, 
are explicable, without ſuppofing a 
Fuga vacui. ib. 
12. Paradox XI. 2 
The moſt ponderous body we know, im- 
merſed in water to @ depth exceeding 
that of twenty times its own thickneſs, 


will float, if it be there fenced from 
the direct preſſure of the incumbent 
fluid. 311 


Hydro- 


Hydroſtatics applied to ores, and 
to the Materia medica. 


8 E. C 2 . | 
1. Noi, their medicinal virtue 
uhence? „ 
2. A new way of examining them by- 
Aroſtaticall. | ib. 
3. Its foundation. ib. 
4. Examples to illuſtrate the doctrine. 


| 315 
5. Preliminary obſervations with regard 
to foſſils. ib. 


6. To diſtinguiſh marcaſites from me- 
talline ores. 317 
7. Directions to find the beſt flux-pow- 
ders for ores. 318 
8. Directions relating to the manage- 
ment of the hydroftatical balance. ib. 
9. The hydroſtatical balance applied to 
ores, and firſt to gold- ore. 321 
10. All minerals ſhould be carefully exa- 
mined, and if ponderous, hydroftati- 


cally. 23 
11. Huw to examine earths or ſoft 2 


ſtances, hhydroſtatically. 324 
12. Colour d ſands and gravel. ib. 
13. Ores in general, and that of lead in 

particular. 325 

SECT. II. 


14. The hbydroſtatical balance applied to 
the Materia medica; and firſt to 


the Lapis Hæmatites. 326 
15. To the Lapis Lazuli. ib. 
16. The magnet. 327 
17. Calamine. ib. 
18. Red coral. ib. 
19. Pearl. ib. 
20. Calculi Humani. 328 
21. And bezoar. ib. 


22. The hydroſtatical balance will diſtin- 
guiſb berween bodies of the ſame deno- 
mination. ib. 


8 2 genuine ſlones and coumer- 
eit. | ib. 


ib 
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24. And ſhew the genuineneſs and purity 
of bodies. p. 329 

25 « This method of examination applied 
to fluids heavier than water, and un- 
apt to mix therewith ; for inſtance, to 
mercury. 330 

26. To powders and fragments of bodies. 

$32 

27. To bodies that will diſſolve or mix 
with water. | 


332 
28. Another way of finding the ſpecific 


avity of fluids. 333 
29. The ſeveral uſes thereof. 334 
30. Still other methods for the ſame pur- 


poJe. 336 
31. Theuſe and advantages of weighing 
one fluid in another. 337 
32. All waters nearly of the ſame weight. 
3 
33. To diſcover the magnitude of bodies 
hydroſtatically. ib. 
34. To gain the ſolidity of a body hydro- 
ſtatically, tho lighter than water. 339 
35. What accuracy is to be expected in 
hydroftatical experiments. 342 
36. A table of the ſpecific gravities 
bodies compared with water. 344 


An hydroſtatical diſcourſe, by 
way of anſwer to the objec- 
tions of Dr. More and others, 
againſt ſome explanations of 
particular experiments; with 


farther conſiderations thereon, 
S ECT. I. | 
I. Echanical ſolutions of pheno- 
mena, what ? 347 
2. That the upper parts of fluids gra- 
vitate upon the lower. 348 
3. Demonſtrated by experiments. 350 


4: Water made to ſupport a body of a © 
much greater ſpecific gravity than it- 
ſelf. 353 

5. 


5. The cafe of divers with regard to 
the preſſure of the water they ſuſtain 
at great depths, 


weak and tender bodies. we 
7. An actual preſſure at the bottom of 


the ſea 8 
e SrcTn. © 
8. Water aftually weigh'd in water by 
common ſcales, 360 
9. The relative levity of bodies under 
water. 362 
ro. Shewn by experiments which over- 


throw the doctrine of poſitive levity. 


ib. 

11. The preſſure of the air's ſpring on 
bodies under water. 365 
12. Manifeſted by experiments. ib. 
13. Fluids preſs in à different manner 
from ſolids. 367 
14. Whence the weight of the atmoſphere 
is not prejudicial to the bodies of ani- 
mals. 368 
15. Experiments to illuftrate and con- 
firm this doctrine. 370 


An eſſay - inſtrument, wherewith 
to examine if coin be adulte- 


rate or counterfeit. 


1. N eaſy method © of determining 
the ſpecific gravities of fluids 


and ſolids. | 
2. Applied to the examination of coin. 


373 
3. And other mixed metals, . 
A ſtatical hygroſcope. 
8 on T. 5 0 

1. Avious bodies propoſed, to di ſco- 
V ver the rl and moiſture 
of the air. 375 
2. A ſponge made choice of. 376 
3. And turn d into a bygroſcope. ib. 


P. 354 
6. Vaſt preſſures of a fluid ſuſtain'd by 


372 
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4. Experiments and obſervations made 
with it. p+ 376 
5. The uſe of hygroſcopes. ib. 
6. The firſt uſe of the ſtatical hygroſcope, 
to ſhew the different variations of 
_—_— in the ſame month, day, and 
7. A ſecond uſe, to ſhew how m—_— 
year and ſeaſon is dryer or moiſter than 
another. 378 
8. The third uſe, to diſcover and compare 
the changes of the temperature of the 
air, made by winds, froſty, Juouy, and 
other weather. 379 
9. A fourth uſe, to compare the tempe= 
rature of different houſes, and different 
rooms in the ſame houſe. 380 
Io. A fifth uſe to obſerve in a chamber, 
the effetts of the preſence or abſence of 
a fire, | 381 
11· The fixth uſe, to keep a chamber in 
any aſſign'd degree of dryneſs, 381 


SECT. II. 
12. Inſtances of the power of the air's 


moiſture at all ſeaſons. 382 
13. Upon animal ſubſtances. ib. 
14. Upon vegetables. 383 
15: Aud alſo upon metals and minerals. 

38 
16. The cord-hbygrometer. 3 85 


Fire and flame weigh'd in a 
balance. 


| SECT. I. 
1. L' Xperiments to ſhew that flame 
may incorporate with ſolid bo- 
dies, fo as to increaſe their weight and 
wk, 88 
2. That fire may do the ſame. : 89 
3. Even tho the bodies be not imme 
diately expoſed to it. 392 
4. — alſo after they have been cal-' 
cine. 


ib. 
SEC T. 
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| SECT. II. 

5. Glaſs pervious to ponderous parts of 
fame. p. 396 

6. 82 from this diſcovery. 398 

7. That flame may act as a menſtruum, 
and make coalitions with the bodies it 


alls on. ib. 
8. That calces of — are the ma- 
geiiſteries of them. ib. 


9. The effeft of fire upon bodies in cliſe 
glaſſes, not wholly owing to the agita- 


tion of the glaſs. 399 
10. Particles extremely volatile, may, by 


aſſociating with others, quite * their 


volatility. ib. 
PNEUMATICS. 


Phyſico-mechanical experiments 


to ſhew the ſpring and effects 


of the air. 
SECT. I. 
"HE origin of the air-pump. 
2. The air-pump deſcribed. 408 


3. Some phenomena ¶ the engine ſolved. 
410 
4. The ſpring and preſſure of a air 
explain'd. 410 
5- Bladders diſtended by the ſoring of 
the air. 412 
6. And burſt by the ſame. 413 
7. The dilatation of air, by its ſpring, 
meaſured. 414 
8. The ſtrength of gloſs, and the ad- 
vantages of figure in ſuſtaining a preſ= 
Ke. 415 


9. The flame of talow and wax in 


vacuo. 417 
10. Kindled charcoal. 418 
1 1. Red. hot iron. 419 
12. Lighted match. ib. 


13. And gun-powder fred in vacuo. 
420 


86 * 


14. An attempt to kindle a combuſtible 
body, by the ſun's rays in vacud. 
p. 421 
15. An excited needle i in vacuo affected 
by the magnet. ib. 
16. The Torricellian experiment in 
Vacuo. 422 
17. Odd phenomena of the mercurial 


barometer, 423 
18. A like experiment made with water. 
| 25 
19. Whether water be elaſtic. I. 


20. Whether air may be generated or 
trauſmuted. 429 
21, The air concealed in oil, 433 
22. Oil of turpentine, oil of tartar, ſpirit 
of vinegar, red wine, milk, ſeirit of 
urine and of wine. 434 
23. The gravity of air expanded under 
water. 435 
24+ A pendulum made to ſwing in = 
. 
25. A watch and a bell i in the erbat 
receiver. 438 
26, A fuming Liquor in the receiver. 


439 
. Smoke in vacuo. ib. 
2 8. The cohefion of poliſhed marbles — 
vacuo. 
29. An erelt preſſure exerciſed by 45 — 
mo ſphere. 441 
30. The preſſure of the atmoſphere com- 
pute 442 
31. The nature of ſuction. 443 
2. And vacuity. 


33. Bodies of different ſpecific — 
bfe their equilibrium in vacuo. 445 


34. The aſcent of liquors in fiphons, and 
filtr es, . 446 
35. Their aſcent in capillary tubes. 447 
36. A parcel of air weigh'd. 448 
37. Whether glaſs be pervious to air, 


38. The penetrating power of air, I- 


pared with that of water. 450 
39. 
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39. The proportion of the weight of air 
to that of water. p. 451 
40. The height of the atmoſphere com- 
puted. 453 
41. Odd phenomena of light produced in 
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AND 
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COLE On 
| 5 HAR I. 
, I'S often thought that a diverſity of colours conſtantly argues an Diff 


equal diverſity in the nature of the bodies wherein they re- 
hide : but I cannot wholly give into this opinion. For not to 

mention changeable taffaties, the blue and golden feathers on 
the necks of pigeons, and ſeveral water-fowl, natural and artificial rain- 
bows, Cc. the colours whereof philoſophers call not real, but apparent; 
we ſee that the contiguous feathers in various birds are ſome of them red, 
others white, blue, yellow, Cc. and that in ſeveral parts of the ſame 
feather there is frequently the greateſt ay aa of colours: ſo in tulips, 
july-flowers, and other vegetables, even ſeveral parts of the very ſame 
leaf are frequently found of different dyes ; tho' no difference is obſerved 
in their other properties. And ſuch a variety we have much more remar- 
kably in the marvel of Peru ; for of the great profuſion of fine flowers 
which that gaudy plant affords, I have ſcarce obſerved any two dyed per- 
fectly alike. But tho* ſuch particulars keep me from affirming, that a 
diverſity of colours always denotes ſome great difference in bodies, yet that 
it often fries conſiderable alterations in the diſpoſition of their parts, 
appears from the extraction of tinctures, wherein the change of colour is 
the chief, and ſometimes the only thing by which the artiſt regulates his 
procedure in their preparation. Inſtances of this are alſo obvious in ſeve- 
ral ſorts of fruit, wherein according as the able ſap is ripened, by 
paſſing from one degree of ** to another, the external part of 
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ſignifies. 
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the fruit changes from one colour to another. A leſs obvious inftance 


WY VV of this kind is afforded us by the method of tempering tteel for gravers, 


Colour, what ? 


drills, ſprings, c. which is this. Firſt, the ſteel to be tempered is har- 
dened, by heating it in glowing coals, and not quenched as ſoon as taken 
from the fire, but held over a baſon of water till it deſcend from a white 
heat to a red one; when tis immediately quenched in cold water. The 
ſteel thus hardened will, if it be good, look whitiſh ; and being brigh- 
ten'd at the end, and held in the flame of a candle, that the bright end 
may lie about half an inch diftant from the flame, it will ſwiftly paſs from 
one colour to another, as from a bright yellow to a deeper 4 reddiſh 
yellow, from that to a fainter firſt, and then to a deeper blue ; each of 
which ſucceeding colours argues ſuch a change made in the texture of the 
ſteel, that if it be taken from the flame, and immediately quenched in tal- 
low, whilſt it is yellow, it will be of ſuch a hardneſs as fits it for drills ; 
Tc. but if kept for a few minutes longer in the flame, till it turns blue, it 
becomes much ſofter and proper to make ſprings for watches ; which are 
therefore commonly of that colour; laſtly, F you keep the ſteel in the flame 
after the deep blue has appeared, it will grow too ſoft even for penknives. 
oy perſon may eaſily ſatisfy himſelf of the different hardneſs of ſteel of 
ferent colours, either by the file, or by breaking ſome ſlender wires thus 
tempered, and obſerving how they vary in point of brittleneſs. 

But before we deſcend to a more particular conſideration of our ſub- 
ze&, tis proper to obſerve, that colours may be regarded either as a qua- 
lity reſiding in bodies to modify light after a particular manner, or elſe 
as light itſelf ſo modified as to ftrike upon the organ of ſight, and cauſe 
the ſenſation we call colour; and that this latter is the more proper ac- 
ceptation of the word colour, will appear hereafter. And indeed it is the 
light itſelf, which after a certain manner, either mixed with ſhades, or 
otherwiſe, ſtrikes our eyes, and immediately produces that motion in the 
organ which gives us the colour of an object. Yet becauſe there is in the 


* "The words of Sir Iſaac Newton excel- | © — and diſpoſition to ſtir up a ſen- 
lently clear and illuftrate this matter. ]“ ſation of this or that colour; for as 
« The homogeneal light and rays (ſays | © ſound in a bell, or muſical ſtring, or 
4 that great philoſopher) which appear | ** other ſounding body, is nothing but a 
« red, or rather make objects appear ſo, | © trembling motion, and in the air no- 
1 J call rubrific, or red-making ; thoſe | © thing but that motion propagated from 
« which make objects appear yellow, | © the object, and in the ſenſorium tis a 
« green, blue, and violet, I call yellow- | © ſenſe of that motion under the form of 
% making, green-making, blue-making, | © a ſound ; ſo colours in the object are 


« yiolet-making, S And if at any time | & nothing but a diſpoſition to refle& this 


« I ſpeak of light and rays as coloured, or | © or that ſort of rays more copiouſly than 
tt endued with colours, I would be under- © the reſt : in the rays they are nothing 
« ftood to ſpeak not philoſophically and | © but their diſpoſitions to propagate this 
properly, bot groſly, and according to“ or that motion into the ſenſorium, and 


4 ſuch conceptions as vulgar people would | & in the ſenſorium they are ſenſations of 
« thoſe motions under the forms of co- 


| “ lours, Necytan. Optic. p. 108, 109. 
coloured 


<* be apt to frame. For the rays, to — 
properly, are not coloured, In them 
there is nothing elſe than à certain 
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coloured body a certain diſpoſition of the ſuperficial particles to ſend: the Pursics. 
light reflected or refracted to our eyes, colour may alſo, in ſome ſenſe, be 
ſaid to depend upon the viſible body; and therefore I ſhall not reje& the 
popular form of ſpeaking of colours, provided we may have recourſe occa- 
ſionally to the diſtinction laid down. But ſtill colour is ſo far from being 
inherent in objects, that light itſelf produces the ſenſation only as it cauſes 
a determinate kind of local motion in ſome part of the brain ; for if the 
like motion happen from any other cauſe, wherein the light is uncon- 
cerned, a man ſhall think he ſees the ſame colour. Thus it is uſual in 
dreams to fancy we behold coloured images ; and the ſtrange imaginations 
of diſtracted perſons, with the flaſhings of light, and other appearances, 
upon ſome diſorders of the brain, farther confirm this particular. 

The like effect may alſo be produced from internal cauſes which affect 
the optic nerve ; for I remember in myſelf that, upon coughing with vehe- 
mence, ſudden flaſhes of vivid flame have appeared, as it were, before 
my eyes t. And a lady, to whom I am related, aſſured me, that all the 
objects of her ſight, once, of a ſudden, appeared of various unuſual co- 
lours, ſurprizingly bright and vivid; which ſymptom was, the next day, fol- 
lowed by a fit o the hyſteric diſeaſe. The like ſymptom a phyſician alſo 
informed me he had obſerved to be a certain prognoſtic of the plague, in a 
ſeaſon when that diſtemper raged ; but that it generally went off after 
the exhibition of an emetic. As an appearance of colour may, there- 
fore, be produced by internal motions, without the aſſiſtance of an ex- 
ternal object ; ſo the colour, which would otherwiſe be produced by an 
outward object, may, poſſibly, be ſometimes changed Dy a motion or new 
texture in the organ, as long as that motion or new diſpoſition continues. 

Thus I have often obſerved, upon looking at the ſun thro? a teleſcope, 
darkened ſo as to make the Chad of that luminary ſupportable, the im- 
preſſion upon the retina, would nevertheleſs be ſo 47 and permanent, 

g that if afterwards I turned the eye, therein made uſe of, towards a 
flame, it would appear of a colour very different from its natural one. 


* Tis certain, that whenever the ſame | “ colours like thoſe in the feather of a 

e is affected twice alike, viſion will be | © peacock's tail. If the eye and the fin- 
the ſame in both caſes ; but different when | ger remain quiet, theſe colours vaniſh 
the eye is differently affected. And this | © in a ſecond minute of time; but if the 
is a juſt, not an imaginary, foundation for | finger be moved with a quavering mo- 
diſtinguiſhing red light from blue, yel- | © tion, they appear again. Do not theſe 
low from green, c. for that is properly | © colours ariſe from ſuch motions ex- 
a red light which excites in us the idea | © cited in the bottom of the eye by the 
of red, a blue which excites in us the | © preſſure and motion of the finger, as at 
idea of blue, &. Theſe ſeveral colours, | © other times are excited there by light 
therefore differently affect the eye, and | © for cauſing viſion ? And do not the mo- 
conſequently have different diſpoſitions. | © tions, once excited, continue about a 

f To this purpoſe Sir Iſaac Newton | © ſecond of time before they ceaſe? And 
ſpeaks thus : * When a man in the dark, | © when a man by a ſtroke upon his - + 
„ ſays he, preſſes either corner of his eye | © ſees a flaſh of light, are not the like 


with his finger, and turns his eye away | © motions excited in the retina by the 


« from his finger, he will ſee a ezrgle of | © ſtroke T. Newton, Opt. 5p. 321, 323» 
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And if I ſeveral times ſucceſſively ſhut and opened the ſame eye, this 
new colour ſeem'd changed or impaired by degrees; till at length the flame 
appeared to me of the ſame colour it did to other ſpectators. The like 
effe& I have alſo found by looking upon the moon, when near the full, 
thro' a teleſcope, without employing a coloured glaſs to defend the eye. 
And here tis remarkable, that tho* my right eye, with which I looked 
thro? the teleſcope, were thus affected by the light, yet if I ſhut that eye, 


and looked upon the ſame obje& with the other, it _ of its uſual 


colour; but if I again opened and made uſe of the dazzled eye, the vivid 
adventitious colour would again return, Tis further obſervable, that a 
vehement blow upon the organ of viſion, eſpecially if it be naturally weak, 
may for a long time vitiate the action of vivid objects. I know a lady of 
unqueſtionable veracity, who having, by a deſperate fall, received ſeveral 
hurts, and particularly a conſiderable one near her eye, had her ſight ſo 
diſordered, that the next morning, when one of her ſervants came to 
her bed-ſide, his clothes ap red adorned with ſuch a variety of dazzling 
colours, as preſently obliged her to command him to withdraw ; and even 
the images in her hangings did, for many days after, appear to her, if 
the room were not greatly darkened, embelliſhed with ſeveral offenſively 
vivid colours, which nobody elſe could ſee in them. She faid alſo, that 
ſhe ſometimes thought ſhe ſaw colours ſo new and glorious, that wy were 
of a peculiar kind, and ſuch as ſhe could not deſcribe, by their likeneſs, 
to any ſhe had ſeen either before or fince ; and that white objects greatly 
diſordered her ſight; that for ſeveral days after her fall, if ſhe looked up- 
on the inſide of- a book, ſhe fancied, ſhe there ſaw colours like thoſe of a 
rainbow. And even when ſhe ſeemed pretty well recovered, and left her 
chamber, happening to come into a place where the walls were white, 
they _— 2" her of ſuch dazzling colours as much offended her 
fight. She added, that this diſorder of her eyes laſted for five or fix 
weeks; tho? ſince that time ſhe hath been able to read and write conſide- 
rably, without finding the leaſt inconvenience. A man of great learning 
coming to adviſe with me about a diſtemper in his eyes, told me, that hav- 
ing once looked too attentively upon the ſun thro” a teleſcope, without a 
dark glaſs, the exceſs of light ſo ſtrongly affected his eye, that ever ſince, 
when he turns it towards a window, or any white object, he fancies he 
ſees a globe of light about the ſame bigneſs the ſun then appeared to him ; 
tho* it were now ten years ſince he firſt obſerved it. Twere eaſy from 
ſome remarkable ſymptoms, obſerved by Epiphanius Ferdinandus, in per- 
ſons bitten by the tarantula, to ſhew, that without any change in the 
object, an alteration in the inſtrument of viſion may, for a great while, 
make ſome colours. appear delightful, and others —— and both 


to a high degree; tho they had no ſueh effects before. But theſe already 


mentioned may ſuffice for our preſent purpoſe. 
We before obſerv'd, that colour may, notwithſtanding all this, be 
conſider d as a quality reſiding in the body ſaid to be colour d; and indeed 


moſt of the following experiments refer to-it principally under that notion. 


For 
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For there is in colour d bodies, and chiefly in their ſuperficial parts, a certain Paysrcs. 
diſpoſition whereby they diſturb * the light that comes from them to our, 


eye, ſo as to make that diſtinct impreſſion, upon whoſe account we ſay 
the viſible body is either white or black, red or yellow. But becauſe we 
ſhall hereafter more fully ſhew, that the changes, and conſequently the 
production and the appearance of colours often depend upon the continua- 
tion or alteration of the texture of the object, we ſhall here previouſly in- 


timate two or three particulars relating to this matter. And firſt, it is Whether colours 
depend upon the 


not without reaſon, that I aſcribe colour chiefly to the ſuperficial parts of ſurfaces of budies. 


bodies; for, not to examine how plentifully opake corpuicles may abound 
even in thoſe bodies we call diaphanous, 'it 1s plain, that we ſee little 
elſe than the ſuperficies of dark objects; for if we found the rays of light 
reflected from the object, pierc'd deep into the body, we ſhould not jos 
it opake, but either pellucid or ſemi-diaphanous . 

he ſchools ſeem to teach, that colour is a penetrating quality, reach- 
ing to the innermoſt parts of the object; as if a piece of ſealing- 
wax be broken into ever ſo many pieces, the internal fragments will 
be as red as the external ſurface. This is indeed a particular example ; 
but it will not overthrow the foregoing doctrine; eſpecially ſince other 
examples of a contrary nature may be alledged. And two or three 
negative inſtances are ſufficient to overthrow the generality of a poſitive: 
_ at leaſt when that is built but upon one, or a few examples. Not 
then to mention cherries, plums, &c. wherein the skin is of one colour, and 
the inſide of another ; I ſhall offer an inſtance or two of the colours of durable 
bodies, that are thought tolerably homogeneous, and whoſe parts are 
neither organical, nor of a nature approaching thereto, And firſt, I 
need only repeat, that blue, red, and yellow may be produced upon 
a piece of temper d fteel: for theſe colours, tho* very vivid, yet if you 
break the metal they adorn, will appear to be ſuperficial ; not only the- 
innermoſt parts of the ſteel, but thoſe within a hair's breadth of its ſuper- 
ficies, having none of theſe colours, but retaining that of the metal itſelf. 
Secondly, we melted a large quantity of pure lead with a ſtrong fire; then 
immediately pouring it into a clean iron veſſel, and carefully and nimbly 


* It follows from Sir Iſaac Newton's diſ- Bos by the power of imagination; or by 
coveries, relating to light and colours, that “ ſtriking or preſſing the eye.” Newtor.. 
all the productions and appearances of | Optic. p. 219. 
them in the world are derived not from | + Perhaps all opake bodies, when re- 
any phyſical change cauſed in light by | duced ſufficiently thin or fine, will ap- 
refraction or reflection, but only from the | pear tranſparent, if viewed againſt the 
various mixtures or ſeparations of rays, f ht. This evidently happens, when me- 
by virtue of their different refrangibility | tals are diſſolved in proper menſtrua ; 
or reflexibility. And in this reſpect, ſays | when gold is beat thin; when ink aſcends. 
that great author, the ſcience- of co- | in lender glaſs tubes; when an opake 
* lours becomes a ſpeculation as my ſtone, or other object, is viewed thro” #. 


„mathematical as any part of optics, ſo. | hole made in the window-ſhutter: of 4 


light, and are not produced or altered 


„far as they depend on the nature of Ia room, &c. 


taking 
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| taking off the ſcum, we perceiv'd the ſmooth gloſſy ſurface of the melted 
| * —— to be adorn'd with a very delightful colour, which almoſt imme- 
= diately gave place to another vivid one, that was as immediately {ſucceeded 
by a third, and this by a fourth. 'Thus theſe wonderfully vivid colours ſuc- 
ceſſively appear d and vaniſh'd, till the metal cooling, put a ſtop to this 
pleaſant fight ; tho the colours which chanced to adorn the ſurface, when 
the lead buys to cool, remain'd upon it, but ,were ſo ſuperficial, that 
how little ſoever we ſcraped off from the ſurface of the lead, all the colour 
came away, and diſcovered only that which is natural to the metal. But 
unleſs lead be brought to a very high degree of fuſion or fluidity, the phe- 
nomena will ſcarce appear. However, the ſame colours did neither — 
nor regularly, ſucceed one another, as is uſual in ſteel; but in the fol- 
lowing diverſify'd order, which paſſed ſo ſuddenly, that I was ſcarce able 
to commit it to paper; blue, yellow, purple, blue, green, purple, blue, yel- 
low, red, purple blue, yellow and blue, yellow, blue, purple, green mix'd, 
yellow, red, blue, green, yellow, red, purple, green. To the ſame purpoſe I 
might add, that viewing a ſphere of rock cryſtal, which was ſawn aſunder 
by a lapidary, and expoſing the flat ſurfaces to the ſun beams, the little par- 
ticles that, notwithſtanding their ſeeming ſmoothneſs in the ſhade, render'd 
their ſurfaces rough, ſo refracted and reflected the light, as to exceed the 
vivid colours of = rainbow; but in an interrupted order, ſometimes on 
one part of the ſurface, ſometimes on another, as it happen'd to be ſituated 
with regard to the ſun. And having cauſed a fine-grain'd touch-ftone 
to be ſawn aſunder by the ſame artificer, I obſerved upon the new ſurfaces, 
tho to the touch they ſeem'd ſmooth and poliſh'd, the vivid colours, as 
above-mentioned, according as the ſurfaces were put into various poſitions, 
in reſpe& of the ſun and the eye ; ſo that, notwithſtanding the great 
tranſparency of the cryſtal, and the great opacity of the touch-ſtone, 
their ſuperficial corpuſcles were found fit to exhibit the vivid colours we 
admire in the rain-bow. 

The atomiſts of old, and ſome learned men of late, have attempted to 
explain the variety of colours in opake bodies from the various figures of 
their ſuperficial parts. The attempt is indeed ingenious, and the doctrine 
ſeems partly true; but I confeſs other things appear to me neceſlary to be 
raken 1n, as contributing to thoſe difterent forms of aſperity whereon the 
colours of opake bodies depend. But in order to prove it, we muſt aſſume, 
that the ſurfaces of all ſuch bodies, how ſmooth ſoever they may appear 
to our ſight and touch, are only ſo in a popular, or a phyſical ſenſe. The 
truth hereof is evident from the uſe of microſcopes, which ſhew us in 
many bodies, that ſeem ſmooth to our naked eyes, little protuberancies 
riſing above that which may be conceiv'd to be the plain of the ſurface ; 
as alſo numerous depreſſions beneath that level. And of this ſort of ca- 
vities we have, by the help of an excellent magnifier, on the ſurface of a 
thin piece of cork, that appeared ſmooth to the eye, obſery'd ſixty in a 

8 


row, within the compaſs of that glaſs, tho not above #- of an inch; 


and theſe too, which made that little piece of cork look almoſt like an 
empty 


ien CoLouRs. 


empty honey-comb, were not only very diſtinct, and of ſimilar figures, Purstcs. 
but conſiderably large, and prodigiouſly deep; ſo that their diſtin& ſha- LY WW 


dows and ſides were very conſpicuous, and eaſily to be reckoned, and 
might have been well diſtinguiſhed, had they been ten times leſs than they 
were: whence we may make ſome eſtimate, what a ſtrange inequality, 
and what a multitude of little ſhades there may really be in a ſcarce ſen- 
ſible part of a phyſical ſuperficies, tho' they remain inviſible to the naked 
eye. There are allo ſeveral experiments which confirm the ſame thing in 
other like ſubſtances : ſo that every ſenſible part of an opake body, may 
be conceiv'd to conſiſt of a multitude of corpulcles fngly inſenſible. 
But in giving theſe ſurfaces a diſpoſition to alter the light reflected 
thence to the eye, after the manner requiſite to make the object appear 
colour'd, the figures of theſe particles have a great, tho* not the only ſhare. 
»Tis true indeed, that the protuberant particles may be of very various 
figures, ſpherical, elliptical, conical, c. according to the nature whereof, 
and the ſituation of the lucid body, the light — be variouſly affected; 
as, after one manner from ſurfaces conſiſting of ſpherical, after another 
from thoſe made up of conical or cylindrical particles ; ſome being fitted 
to refle& more of the incident rays * of light, others leſs ; and ſome to- 
wards one part, others towards another. But beſides this difference of 
figure, many other things may greatly concur to vary the forms of aſpe- 
rity, whereon colours have ſo great a dependance : for allowing the figure 
of the particles, the ſuperficial ones may be bigger in one body, and leſs 
in another; and conſequently fitted to allay the light falling on them 
with greater ſhades. The protuberant particles may alſo be ſet at a 
greater or a ſmaller diſtance fon one another in difterent parts ; and how 
theſe qualities may ſerve to produce colour, we may gueſs from what hap- 
pens in the agitation of water ; for if the bubbles that are thereby made, 

e large and few, the water will ſcarce acquire a ſenſible colour; but if 
it be reduced to a froth, which conſiſts of bubbles very minute, and conti- 
guous to each other, it exhibits a very manifeſt whiteneſs. Beſides, it is 
not neceſlary that the ſuperficial particles which exhibit one colour, ſhould 
be all of the ſame ſhape ; but different figures may be mixed upon the 
ſurface of the opake body : as when the corpuſcles that make a blue 
colour, and thoſe that make a yellow, come to be accurately and skilfully 
united, they afford a green; which tho' it ſeem one ſimple colour, yet in 
this caſe appears to be made by the union of corpuſcles of very different 
kinds. Moreover, the figure and magnitude of the little depreſſions, cavi- 
ties, furrows, or pores tercepted betwixt theſe protuberant corpuſcles, 
are as well to be con d, as the ſizes and ſhapes of the corpuſcles them- 


* Sir Iſaac Newton proves, that the cauſe | reflecting body, but by ſome er of the 
of reflexion is not the impinging of light | body which is evenly diffuſed all over its 
on the ſolid or impervious parts of ſurface, and by which it ads upon the 
dies, as is commonly ſuppoſed ; and makes | ray, without immediate contact. Newton 
it probable, that the reflexion of a ray | Optic. p. 237-241, 
is effected not by à ſingle point of the © ES: 


felves. 
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ſelves. For we may conceive the phyſical ſuperficies of a body to be 


horizontally cut by a mathematical plain ; and then, as ſome parts of that 
phyſical ſuperficies will be protuberant, or ſwell above the plain, ſo others 
may be depreſſed beneath it. 'Thus in many places of the earth's ſurface, 
there are hills, trees, Cc. rais'd above the horizontal level of the valley; 
and rivers, wells, pits, and other cavities, depreſſed beneath it. And that 
ſuch protuberant and concave parts of a ſurface may remit the lights ſo diffe- 
rently as greatly to vary a colour, we ſhall ſee hereafter. Burt at preſent 
it may ſuffice to ſay, that the different degrees or kinds of aſperity in the 
two flat ſides of the ſame piece of red marble, the one whereof is poliſhed, 
and the other left rough, will ſo diverſify the light reflected from the ſeveral 
different plains to the eye, that a painter would employ two different colours 
to repreſent them. The ſituation alſo of the ſuperficial particles is conſide- 
rable. This I diſtinguiſh into the poſture of the ſingle corpuſcles, in 
reſpe& of the light, and of the eye ; and the order of them in regard to 
one another : for a body may refle& the light otherwiſe, when its ſuper- 
ficial particles are more ere& upon the plain conceiv'd to paſs along their 
baſis ; and when the extremities of ſuch particles are obverted to the eye, 
than when thoſe particles lie ſo inclined, that their ſides are in great 
meaſure diſcernible. 'Thus the colour of pluſh or velvet will appear va- 
rious, if you ſtroak part of it one way, and part another; the poſture of 
the particular threads in regard to the light, or the eye, being thereby 
varied. And 'tis obſervable, that in a field of ripe corn, blown upon by 
the wind, there will appear waves of a colour different from that of the 
reſt of the corn ; becauſe the wind, by depreſſing ſome of the ears more 
than others, cauſes one to refle& more light from the lateral and ftrawy 
parts than another. Thus when dogs are ſo enraged, as to erect the hairs 
upon their necks, and other parts of their bodies, thoſe parts ſeem to ac- 
quire a colour different from that of the ſame hairs, when, in their uſual 
poſture, they lay more inclined. And that the order wherein the ſuper- 
ficial corpuſcles are ranged is conſiderable, we may gueſs by the turning of 


water into froth, the beating of glaſs, and the ſcraping of horn; in which 


caſes the corpuſcles that were before ſo marſhall'd, as to be tranſparent, 
become, by a diſturbance of that order, diſpoſed to ſtop and reflect more 
light, and thereby to appear whitiſh. 

There are alſo other ways wherein the order of the protuberant parts, 
in regard to the eye, may greatly contribute to the appearance of a parti- 
cular colour: for I have often obſervec. hat wen peaſe have been planted 
or ſet in parallel lines, and are ſhot up out ha,” Hoyt above the ſurface 
of the ground, by looking on the fiew ere 3 ẽd, along the lines 


they ſtood in, much the greater part of tae grou.:d ppeared of its own 


dirty colour ; but if I view'd the field tranſverſly, it would appear very 
green; the upper parts of the peaſe concealing the intercepted parts of the 
ground from the eye. And perhaps even the motion of the ſmall parts of 
a viſible object may in ſome caſts contribute, tho" it be not eaſy to ſay 


how, to the production or variation of a colour ; for I have ſeveral _ 
ma 
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made a liquor, which, when well ſettled in a cloſe vial, is tranſparent Paysics. 


and colourleſs ; but as ſoon as the glaſs is unſtopped, begins to fly awa 
very plentifully in a white, opake fume : and there are other bodies, whole 


fumes, when they fill a receiver, would make one ſuſpect it contain'd 
milk ; and yet theſe fumes become a liquor that is not white, but tranſ- 
parent. An ſuch white fumes I have ſeen afforded by unſtopping a liquor, 
which is itſelf diaphanous and red; nor are theſe the only inſtances of 
this kind that our experiments can ſupply us with. And if the ſuperficial 
corpulcles be of the groſſer ſort, and ſo framed, that their differing ſides 
may exhibit differing colours, then the motion or reſt of thoſe corpuſcles 
may be conſiderable, as to the colour of the ſuperficies they compole ; be- 
cauſe ſometimes more, ſometimes fewer of the ſides diſpoſed to exhibit ſuch 
a colour, may by this means become or continue more obverted to the eye 
than the reſt, and compoſe a phyſical ſurface more or leſs ſenſibly inter- 
rupted. 'Thus I remember, that in ſome ſorts of plants, whoſe leaves were 
thick ſet by one another, and the two ſides of each leaf of a ſomewhat diffe- 
rent colour, there would appear a notable difference in their colour, if look'd 
upon, firſt when the leaves rok at reſt, had their true upper ſides obverted 
to the eye; and again, when a breath of wind paſſing thorough them, made 
great numbers of the ſides of the leaves, that are uſually hidden, become 
conſpicuous. And tho' the little bodies above-mentioned, may ſingly and 
a-part ſeem almoſt colourleſs ; yet when many of them are placed by one 
another ſo near, that the eye does not diſcern an interruption in a ſenſible 
ſpace, they may exhibit a colour: as we ſee, that tho” a (lender thread of 
yd ſcarlet (ilk, whilſt look'd on ſingly, ſeems almoſt quite devoid of redneſs; 
yet when numbers of theſe threads are brought together into a skein, that 
colour then becomes glaring, And in changeable taffaties, where we ſee 
diftering colours ariſe boy vaniſh upon ruffling the ſame piece of ſilk; 1 
have = „ with pleaſure, obſerved, by means of a convenient microſcope, 
their component threads to paſs under and over each other, in almoſt in- 
numerable points: and if I thus look'd upon any conſiderable portion of 
the ſtuff that, for example, appeared red to the naked eye, I could plainly 
ſee, that in ſuch a poſition the red threads were conſpicuous, and re- 
flected a vivid light: and tho' I could alſo perceive that there were green 
ones, yet, by reaſon of their diſadvantageous poſition in the phyſical 
ſurface of the ſilk, they were in part hid by the more protuberant threads 
of the other colour; and, for the ſame reaſon, the refſection from as much 
of the green as was diſcover'd, appear'd but dim and faint. And if, on 
the contrary, I look'd thro* the microſcope upon any part that appear'd 
green, I could plainly ſee the red threads were leſs fully expoſed to the 
eye, and obſcured by the green ones, which, therefore, made the predomi- 
nant colour. And by obſerving the texture of the filk, I could eaſily fo 
expoſe the threads either of the one colour or the other to my eye, as at 
pleaſure to exhibir the appearance of red or green, or make thoſe colours 
lucceed each other: ſo that, obſerving their ſucceſſion, I could mark how 
the predominant colour ftarted up, when the threads that exhibited it, 
Vor. II. C came 


to Experiments and Obſervations 
Physics. came to be advantageouſly placed; and by making little folds in the 
FYWV taffaty, the ſides that met, and terminated in them, would appear to the 
naked eye, the one red, and the other green. And when threads of 
more than two differing colours chance to be interwoven, the reſulting 
changeableneſs of the taffaty may alſo be ſome what different. And per- 
haps it were proper to try whether the microſcope would give us the 
reaſon of the variableneſs of colour, that is ſo conſpicuous in mother of 
rl, opals, Oc. Tis true indeed, that what I here propoſe concerning } 
the different forms of aſperity in bodies, whence the incident light either 1 
comes to be reflected with more or leſs of ſhade, and with that ſhade _* 
more or leſs interrupted, or happens to be otherwiſe modify'd, is but 
conjectural; yet I am apt to ſuſpect, that if we had perfect microſcopes *, 
we might diſcern in the phyſical ſurfaces of bodies, both a great many 
latent inequalities, and the particular ſize, figure, and ſituation of the 
extremely little bodies that cauſe them ; and perhaps might perceive, 
among other varieties, how thoſe little protuberances and cavities interrupt 
and dilate the light, by mingling with it a multitude of very ſmall ſhades, ** 
ſome of them more, and ſome leſs minute; ſome leſs, and ſome more , 
numerous, according to the nature and degree of the particular co- 
lour we attribute to the viſible object. Thus with good teleſcopes we 
can diſcern many hills and vallies in the moon, whereof ſome are more, 
and others leſs ttrongly illumin'd ; whilſt theſe have a fainter, and thoſe 
a deeper ſhade : tho' the naked * can diſcern no ſuch things in that 
planet. Thus alſo, where the naked eye could only ſee a green powder, 
a microſcope enabled us to diſcover particular granules, ſome of a blue, 
and ſome of a yellow colour; tho' we had before cauſed them to be ex- 
quiſitely mixed, to compound a green. And here, to confirm what we 
have delivered, as to the poſſibility of diſcerning the different forms of 
aſperity in the ſurfaces of bodies of ſeveral colours, I ſhall add a re- 
| markable relation which I had from Dr. Finch, anatomiſt extraordinary 
4 blind man, to the great duke of Tuſcany. This gentleman told me, that he ſaw a blind 


2 ie man at Maeſtricht, in the Low Countries, who at certain times could diſtin- 
touch, guiſh colours by the touch with his fingers. This appear d ſo extraordi- 


pary to me, that I freely propoſed many ſcruples concerning it to the 
doctor; and particularly inquired, whether care were taken to prevent 
the man from ufing his ſight in the caſe, if he had any: but, upon the 
whole, I found the doctor had been very cautious and circumſpect, to 
prevent being impoſed upon herein. And, that he might not, thro' any 
miſtake in point of memory, miſinform me, he preſented me the notes he 
took for his own uſe; the ſubſtance whereof is as follows. The name 
of the man was John Vermaaſen, at that time about thirty-three years of 


* Sir Iſaac Newton ſeems to be of opi- | diſcover all the particles of bodies on 
nion, that microſcopes may be ſo fur im- | which their colours depend, except thoſe 
proved, if they are not, in ſome degree, | of black ſubſtances, which he ſhews ro. 
already arrived at that perfection, as to be the moſt minute. Newton, Optic. p. 236. 


age, 
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age, who, when he was two years old, had the ſmall pox, which render'd Physics. 
him abſolutely blind, tho he is at preſent an organiſt in a public chor. 


The doctor diſcourſing with him over night, the blind man affirmed, that 
he could diſtinguiſh colours by feeling, but not unleſs he were faſting; 
for that any quantity of drink deprived him of that exquiſite touch which 
is requiſite to ſo nice a ſenſation. Upon this, the doctor provided againſt 
the next morning ſeven pieces of ribbon of theſe ſeven colours, black, 
white, red, blue, green, yellow, and grey; but as for mixed colours, this 
Vermaaſen would not undertake to diſcern them; tho, if offer d, he could 
tell that they were mixed. To diſcern the colour of the ribbon, he 
places it bet wixt his thumb and his fore- finger, but his moſt exquiſite per- 
ception is in his thumb, and much better in the right than in the left. 
After the man had four or five times told the doctor the ſeveral colours, 
whilſt a napkin was tied over his eyes, the doctor obſerved he twice 
miſtook, for he called the white black, and the red blue; but ftill before 
his error, he would lay them by in pairs, ſaying, that tho he could eaſily 
diſtinguiſh them from all others, yet thoſe two 2 were not eaſily diſtin- 
guiſhable from one another. Then the doctor deſired to know what kind 
of difference he found in colours by his touch. To which the blind man 
reply d, that all the difference he obſerved, was a greater or leſs degree 
of. aſperity t; for, ſays he, black feels like the points of needles, or ſome 
harſh ſand, whilſt red feels very ſmooth ; that black and white are the 
moſt rough, or unequal, of all colours, and ſo like, that tis very hard to 
diſtinguiſh them; but black the rougheſt of the two: that green is next 
in aſperity ; grey next to green ; yellow the fifth in degree of aſperity ; 
red and blue ſo alike, that tis as hard to diſtinguiſh between them as 
between black and white, tho' red be ſomewhat more rough than blue; 
{o that red has the ſixth place, and blue the ſeventh in aſperity. To this 
information the doctor was 12 to add the preſent of three of thoſe 
very pieces of ribbon, whoſe colours, in his preſence, Vermaaſen had 
diſtinguiſhed ; pronouncing the one grey, the other red, and the third 
green; which 1 keep by me as rarities. Before I ſaw the notes from 
whence this account is taken, I confeſs I ſuſpected this blind man might have 
thus diſtinguiſhed colours rather by the ſmell than by the touch; for ſome 


+ The different magnitudes of the parts | ſenſe of feeling. Sirl/; Newton well obſerves, 
of coloured bodies, whereon their different | that there is a harmony and diſcord of 
colours, according to Sir Iſaac Newton's | colours, which he ſeems to think ariſes 
theory, depend, appear to be too minute | from the proportions of the vibrations 
for the ſenſe of feeling to take notice of. | propagated thro' the fibres of the optic 
This ſenſe, indeed, may, by great degrees, | nerve into the brain, as the harmony and 
be more exquiſite in one man than in | diſcord of ſounds ariſe from the propor- 
another; and, if it could be ſuppoſed | tions of the vibrations of the air. For 
equal, or nearly equal to that of fight, ſome colours, if they be viewed 9 
which perhaps is only a finer de of | are agreeable to one another, as thoſe of 
touch, this different aſperity might, ſup- | gold and indigo, and others diſagree- 

ing the truth of the relation, become | Newton, Optic. p. 320. | 

nſible to one, poſſeſſed of an exquiſite | | 
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exceeding ſlender, we might allow the parts expoſed to the 
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e might diſtinguiſh ; and this I the rather ſuſpected, 
becauſe he required that the ribbons he was to judge of, ſhould be offer'd 
him in the morning faſting ; for I have obſerved in ſetting-dogs, that the 
feeding of them greatly impairs their ſcent. And, indeed, I could wiſh for 
the opportunity of examining this man myſelf, about many particulars 
which [Av not find to have been yet thought upon. And tho? it be not 
incredible, that ſince the liquors uſed by dyers are qualified to give a 
colour, by multitudes of little corpuſcles of the pigment diſſolved and ex- 
tracted by the fluid wherein they float, thoſe corpuſcles of colour inſinu- 
ating themſelves into, and filling up the pores of the body to be dyed, ma 
give a greater or leſs roughneſs to its ſuperficies, according to the bigneſs 
and texture of the particles of the pigment ; yer I can ſcarce believe that 
this blind man could diſtinguiſh all the colours he did, merely by the rib- 
bons having more or leſs of aſperity : but the forms of it might alſo aſſiſt 
him herein, tho” theſe would perhaps have been very difficult for him to 
deſcribe ; becauſe thoſe minute differences having not been taken notice 
of by men for want of a touch ſufficiently exquiſite, are things he could 
not have expreſſed intelligibly. Thus under the name of ſharp, ſweet, 
and ſour, there are abundance of peculiar intermediate reliſhes, or taſtes, 
in different ſorts of wine; which tho” critical and experienc'd palates eaſil 
diſcern, yet the judges cannot have their idea's convey'd to others ; ſuc 
minute differences not having hitherto any diſtin&t names aſſign'd them. 
And it ſeems that there was ſomething here in the forms of aſperity re- 
uiſite to the diſtinction of colours, beſides the degree of it; ſince this man 
fund it ſo difficult to diſtinguiſh black and white from one another, tho' not 
from other colours. For I might urge, that he ſeems to contradict him- 
ſelf about the red, which in one place he repreſents as ſomewhat more 
rough than the blue, and in another very ſmooth ; but becauſe he ſpeaks 
of this ſmoothneſs in that place where he mentions the roughneſs of 


black, we preſume that he meant but a comparative ſmoothneſs : how- 


ever, he found it difficult not only to diſtinguiſh red and blue, but black 
and white from one another, tho* not from other colours. And indeed, 
tho* in the ribbons offer d him, they might be almoſt equally rough, yet 
in ſuch minute corpuſcles as thoſe of colour, there may eaſily be con- 
ceiv'd. nct' only a greater cloſeneſs of parts, a want of protuberant 


corpuſcles, and little extant particles otherwiſe figured and ranged 


in the white than in the black; but the cavities alſo may be much 
deeper in one than in the other. And perhaps, where the particles are fo 
ght and touch 


to be a little convex in compariſon of the erect particles of black bodies; as 
if they were wires many times ſlenderer than a hair, for whether you ſu 

=_ them to be figured like needles, or cylindrically like the hairs a 
bruſh, with hemiſpherical tops, they will be fo very ſlender, and conſe- 
quently the points both of the one ſort and the other, ſo very ſharp, that 
an exquilite touch will be able to obſerve no greater difference — 
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them, than that which our blind man allowed, when, comparing black Puysrcs 
and white bodies, he ſaid, that the latter were the leſs rough of the two.. 


Nor is every kind of roughneſs, tho' ſenſible, inconſiſtent with white- 
neſs, for the phyſical ſuperficies of a body is ſometimes made, by the ſame 
operation, both rough and white; as when the level ſurface of clear wa- 
ter being agitated and made rough, with a multitude of unequal bubbles, 
thereby acquires a whiteneſs; and as a ſmooth piece of glaſs by being 
ſcratched with a diamond, diſcloſes the ſame colour. This minuteneſs and 
figure of the extant particles being ſuppoſed, the depth of the little cavi- 
ties intercepted between the extant particles, without being ſo much 
greater in black bodies than in white ones, as to be very perceptible to the 
groſs organs of touch, may be — greater with regard to their diſpoſi- 
tion of reflecting the ſubtile rays of light. For in black bodies thoſe ſmall 
intercepted cavities, and other depreſſions, may be ſo figured, fo narrow 
and ſo deep, that the incident rays of light, which the more extant parts of 
the phyſical ſuperficies are diſpoſed to refſect inwards, may be — 
there, and prove unable to emerge; whilſt in a white body the ſlender 
particles may not only, by their figure, be fitted to reflect the light co- 

iouſly outwards, but the intercepted cavities being ſhallow, and perhaps 
3 — wide, the bottoms of them may be ſo conſtituted, as to be fit 
to reflect outwards much of the light that falls upon them. 

There is no neceſſity of concluding, from the blind man's relation, that 
tho*, according to his touch, black was the rougheſt, as it is the dar- 
keſt of colours, that therefore white, which is the lighteſt, ſhould alſo be 
the ſmootheſt ; for he makes yellow to be two degrees rougher than 
blue, and as much ſmoother than green; tho* yellow not only appears to 
the eye a lighter colour than blue, but we ſhall hereafter ſhew, that yel- 
low reflects much more light than blue, and manifeſtly more than green; 
which ſeems to ſtrengthen our conjeEture, that there was ſomething in 
the kinds of aſperity, as well as in the degrees of it, that enabled Ver- 
maaſen to diſtinguiſh colours ; and, at leaſt ſhews, that we cannot, in all ca- 
ſes, from the bare difference in the degrees of aſperity in colours, ſafely 
conclude that the rougher reflects the leaſt light. Thus much, however, 
we gain from the teſtimony of this blind man, that ſince many colours 
may be felt with the circumſtances above related, the ſurfaces of ſuch co- 
loured bodies muſt certainly have different degrees, and in all probability 
different forms, or kinds of aſperity belonging to them ; which is all the 
uſe I here deſigned to make of the hiſtory of this blind man: for hence it 
ſufficiently appears, that colour. greatly _ upon the diſpoſition of 
the ſuperficial parts of bodies, and, probably, wherein fuch a diſpoſition 
principally conſiſts “. | 
But 


*The permanent colours of natural | * ton, reflects the leaſt refrangible, or 
bodies ariſe from hence, that ſome ſuch | © red-making rays moſt copiouſly, and 
bodies reflect ſome ſorts of rays, and o- | & thence appears red. Violets refle& the 


thers other ſorts more copiouſly than the“ moſt refrangible, moſt copiouſly, and 


reſt, © Minium, ſays Sir Iſaac — « thence have their colour, and — 
« other 
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But to return; the cauſes of the ſeveral forms of aſperity, that may 


iverſify the ſurfaces of coloured bodies, will, perhaps, 
eneral conjectures as to ſeveral of the ways whereby tis poſſible to 
produce the ſudden changes of colours, we ſhall hereafter find in our 


afford us ſome 


experiments ; for moſt of thoſe phenomena being produced by means of 
liquors, which generally abound with very minute, active, and vari- 
ouſly figured ſaline corpuſcles, they may well very ſuddenly alter the tex- 


ture of the body they are employed to work on ; and ſo chan 


their 


form of aſperity, and thereby make them reflect to the eye the light that 
falls on them, after another manner than they did before, and by that 


means vary the colour ſo far as it depends upon the texture or diſpoſition 


«Cc 
«c 
cc 
«6 
cc 
c«c 
«c 
cc 
40 
cc 
cc 


«6 


cc 
FT; 


«i 
«6 


of 


other bodies. Every body reflects the 8 doth, and that the ultramarine reflects 


rays of its own colour more copiouſl 

than the reſt, and from their exceſs 
and predominance in the reflected light 
has its colour.-—Eyvery body appears 
moſt ſplendid and luminous when view- 
ed in the light of its own colour. Cin- 
nabar, in the homogeneal, red, priſma- 
tic light is moſt reſplendent, in the 
green light it is manifeſtly leſs reſplen- 
dent, and in the blue i ht (111 leſs. 
Indigo in the violet blue ſight, is moſt 
reſplendent, and its ſplendor is gra- 
dually diminiſhed, as it is removed 
thence by degrees thro* the n and 
yellow light to the red. a leek 
the green light, and next that the blue 
and yellow, which compound green, 
are more ſtrongly reflected than the 
other colours, red and violet, &c. But 
to make theſe experiments the more 
manifeſt, ſuch bodies ought to be cho- 
ſen as have the fulleſt and moſt vivid 
colours, and two of thoſe Bodies are 
ro be compared together. Thus, for 
inſtance, if cinnabar and ultramarine 
blue, or ſome other full blue be held 
together in the red homogeneal light, 
they will both appear red, but the 
cinnabar will appear of a ſtrongly lu- 
minous and reſplendent red, and the 


ultramarine blue, of a faint, obſcure, 


and dark red; and if they be held to- 
gether in the blue homogeneal light, 
they will both appear blue, but the ul- 
tramarine will appear of a ſtrongly lu- 
minous and reſplendent blue, and the 


, einnabar of a faint and dark blue; 


which puts it paſt diſpute, that the 


einnabar reflects the red light much 


more copiouſly than the ultramarine 


the blue. light much more copiouſly 
than the cinnabar doth. The ſame ex 

riment may be made ſucceſsfully with 
red lead and indigo, or with any other 
two coloured bodies, if due allowance 
be made for the different ſtrength or 
weakneſs of their colour and light. 
And ſince theſe reflected lights, which 
differ in colour, differ alſo in degree 
of refrangibility, it's certain that ſome 
bodies reflect the more refrangible, 
and others the leſs refrangible rays 
more copiouſly ; and that this is the 
only reaſon of theſe colours, appears 
from hence, that the colour of homo- 
geneal light cannot be changed by the 
reflexion of natural bodies, For if 
bodies, by reflexion, cannot in the 
leaſt change the colour of any ſort of 
rays, they cannot appear coloured by 
any other means, than by reflecting 
thoſe which are either of their own 
colour, or which, by mixture, muſt 
produce it. But in making experi- 
ments of this kind, care muſt be had 
that the light be ſufficiently homoge- 
neal.” Newton. Optic. p. 156——158. 

“In tranſparently coloured liquors, 
'tis obſervable, that their colour uſes 
to vary with their thickneſs. Thus a 
red liquor, in a conical glaſs, held be- 
tween the light and the eye, looks of 
a pale and dilute yellow at the bot- 
tom where 'tis thin, and a little higher 
where 'tis thicker, grows orange; and 
where 'tis ſtill thinker, becomes red ; 
and Where tis thickeſt, the red is 
deepeſt and darkeſt. For it is to be 
conceived, that ſuch a liquor ſtops the 
indigo-making and violet-making rays 


© moſt 
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of the viſible parts of the object; for I do not abſolutely exclude all other Physics. 
ways of modifying the rays of light, between their parting from the lu. 


cid body, and their reception in 


o the common organ of viſion. 


Now 


there ſeem to be ſeveral ways whereby liquors may ſuddenly alter the 
colour of one another, but I ſhall only touch upon a few. And, firſt, the 
minute corpuſcles that compoſe a liquor may eaſily inſinuate themſelves 
into thoſe pores of bodies whereto their ſize and figure adapt them; and 


theſe 


« moſt eaſily, the blue-making rays more | 


« difficultly, and the red-making moſt 
« difficultly ; and that if the thickneſs 
« of the liquor be only ſo much as ſuffi- 
« ces to ſtop a C— number of the 
« violet-making and indigo-making rays, 
« without diminiſhing much the num- 
© ber of the reſt, the reſt muſt compound 
« a pale yellow. But if the liquor be 
« fo much thicker, as to ſtop alſoa great 
* number of the blue-making rays, and 
« ſomeof the green-making, the reſt muſt 
« compound an orange; and where it is 
_ * fo thick as to ſtop alſo a great number 
of thegreen-making, and a confidera- 
„ ble number of the yellow-making, the 
« reſt muſt begin to compound a red, 
and this red muſt grow deeper and 
* darker, as the yellow-making and 
« orange-making raysare more and more 
« ſtopped by the increaſing thickneſs of 
„ the liquor; ſo that few rays beſides 
« the red-making can get through. 
«« Of this kind is an experiment lately 
related to me by Dr. Halley, who, div- 
© ng deep into the ſea in a diving veſ- 
** ſel, found, in a clear ſunſhine day, 
that when he was ſunk many fathoms 
a =P into the water, the upper part of 
his hand, on which the ſun ſhone di- 
« rettly thro' the water, and thro' a 
« ſmall 1 in the veſſel, like 
* that of a damask roſe, and the water 
below and the under part of his hand 
„illuminated by light reflected from the 
water below, looked green. From 
* thence it may be gathered, that the 
ſea- water reflects back the violet and 
blue: making rays moſt eaſily, and lets 
* the red- making paſs moſt freely and 
** copiouſly to great depths ; for there- 
** by the ſun's dired light, at all great 


«« depths, by reaſon of the predominating | 


—— wt, 


| © mit. For if go 


res they may either exactly or madequately fill; in which latter 
caſe they will, for the moſt part, alter the number and figure, but always 


the 


© red-making = muſt appear red, and 
the greater the depth is, the fuller 
« and intenſer muſt that red be. And at 
„ ſuch depths as the violet-making rays 
can ſcarce penetrate to, the blue-mak- 
« ing, green-making and yellow-mak- 
« ing rays being reflected from below 
4 more copiouſly than the red-making 
« ones, muſt compound a green, Now 
« if there be two liquors of full co- 
« lours, ſuppoſe a red and a blue, and 
both of them ſo thick as ſuffices to 
© make their colours ſufficiently full, 
e tho' either liquor be ſufficiently tranſ- 
“parent a-part, yet will you not be able 
eto ſee thro both together; for if on 
«© the red-· making rays paſs thro one li- 
“% quor, and only the blue- making thro” 
* the other, no rays can paſs thro' both. 
&« This Dr, Hook tried caſually with glaſs 
„ wedges, filled with red and blue li- 
« quors, and was ſurprized at the event. 
Now whilſt bodies become coloured, 
« by reflecting or tranſmitting this or 
« that ſort of rays more copiouſly than 
© the reſt, it is to be conceived that 
« they ſtop and ſtifle in themſelves the 
« rays which they do not reflect or tranſ- 
id be foliated, and held 
„between the eye and the light, the 
« light looks of a greeniſh blue; and 
therefore maſſy gold lets into its body 
« the blue-making rays, to be reflected 
to and fro within it, till they be ſtop- 
e ped and ſtifled, whilſt it reflects the 
« yellow- making outwards, and thereby 
0 — yellow. And much after the 
„ ſame manner that leaf-gold is yellow 
« by reflected, and blue by tranſmitted 
« light, and maſly gold is yellow in all 
« poſitions of the eye ; there are ſome 
ay — as the tincture of Lignum Ne- 
4% pbrit ie um, 


Lad 


and ſome ſorts of glaſs, 
« which 
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Paysics. the magnitude of the former pores. And in what capacity ſoever theſe 
ASYNS — of a liquor come to be lodged or harboured in ſuch pores, the 


ſurface of the body will commonly have its aſperity altered, and the in- 
cident light, that meets with a groſſer liquor in the little cavities that be- 
fore contained nothing but air, or ſome more ſubtile fluid, will have its 
rays either refracted, abſorbed, or reflected more or leſs irregularly than 
if the body had been dry. Thus we ſee that even fair water falling on 
white paper, linen, Oc. will, for ſome ſuch reaſon as thoſe aſſigned, im- 
mediately alter the colour of them, and for the moſt part render it deeper 
than that of the unmoitten'd parts of the ſame bodies. In like manner, 
when, during the ſummer, the high-ways are dry and duſty, if there fall 
much rain, they quickly appear of a darker colour than before. Thus 
alſo if a drop of oil be ler fall upon white paper, that part of the paper 
which by imbibing the liquor acquires a greater continuity, and ſome 
tranſparency, will appear much darker than the reſt ; many of the inci- 
dent rays of light being now tranſmitted, that would, otherwiſe, be re- 


flected to the eye. | 
Secondly, a liquor may alter the colour of a body, by freeing it from 


thoſe things that prevent its appearing of its genuine colour; and tho' 
this may be ſaid to be rather a reſtoration of a body, or a reſtitution of 


© which tranſmit one ſort of light moſt , © of the reflected light will be apt to va- 
„ copiouſly, and reflect another ſort, © ry from that of the light tranſmitted.” 
* — thereby look of ſeveral colours, | Newton. Optic. p. 159163. 

* according to the poſition of the eye to | This doctrine is farther confirmed, by 
„the light. But if theſe liquors or | mixing coloured light, ſo as to compound 
« glaſſes were ſo thick and maſly, that | a beam of light of the ſame colour and 
£ nolight could get thro them, I que- | nature with a beam of the ſun's direct 
< ſtion not but they would, like all other | light, and making experiments therein. 
« opake bodies, appear of one and the | Thus Sir I/aac Newton found, that ſuch 
« ſame colour in all poſitions of the eye. | light is endued with all the properties 
« For all coloured bodies, ſo far as my | of a beam of the ſun's light ; natural 
1 obſervation reaches, may be ſeen thro, | bodies appearing in it of the ſame colours 
« if made ſufficiently thin, and therefore | they have in day-light. Thus cinnabar 
are in ſome meaſure tranſparent,and dif- | appeared of the ſame red colour in it as 
*« fer only in degree of tranſparency from | it does by day, and if the green-making 
<* ringed and tranſparent liquors ; theſe li- and blue-making rays were ſtopped, its 
„ quors, as well as thoſe bodies, by a ſufh- | redneſs became more full and lively; 
*©* cient thickneſs becoming opake. A tranſ- | but if the red-making rays were inter- 
fe pre body, that looks of any colour | cepted, it became yellow or green, or 
** by tranſmitred light, may alſo look of | of ſome other colour, according to the 
** the ſame colour by reflected light, the | ſorts of rays which were not inter- 
light of that colour being reflected by | cepted. So gold in this light appears of 
** the farther ſurface of the body, or by | the ſame yellow colour as in day-light ; 
** the air be — And then the re- | but by ſopping a due quantity of the 
1 flected colour Will be diminiſhed, and | yellow-ma ng rays, it appears white 
perhaps ceaſe, by making the body ve- | like filver ; which ſhews, that its yellow- 
% ry thick, and pitching it on the back- | neſs ariſes from the exceſs of the inter- 
< fide, to diminiſh the reflexion of its | cepted rays tinging that whiteneſs with 
« farther ſurface, ſo that the light re- | their colours when they are let paſs. 
flected from. the tinging particles may | See Newton Optic. p. 163 — 16). 
predominate. In ſuch caſes the colour 1 


its 
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its native colour, than a change; yet there here happens a change of the Physics. 
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colour which the body afforded before this operation. And ſuch a change 
a liquor may work, either b diſſolving or corroding, or by ſome ſuch means 
carrying off the matter, which either veiled or diſguized the colour that 
afterwards appears. Thus we reſtore old pieces of dirty gold to a clear 
ſhining yellow, by putting them into the fire, and into Aqua fortis, which 
takes off the acquired filth from the metal ; and there is alſo an eaſy way 
to reſtore ſilver coins to their due luſtre, by fetching off that which diſco- 
loured them. I have likewiſe a chymical liquor, which I employ to reſtore 
ieces of cloth ſpotted with greaſe, to their proper colour, by imbuing the 
potted part therewith ; which incorporating with the greaſe, and yet be- 
ing of a very volatile nature, eaſily carries it away with itſelf. And I 
have ſometimes try'd, that by rubbing upon a — touchſtone a certain 
metalline mixture ſo compounded, that the impreſſion it left upon the ſtone 
appeared of a very different colour from that of gold; yet à little = 
fortis would immediately make the golden colour diſcloſe itſelf, by diſ- 
8 only the other metalline corpuſcles that concealed thoſe of the 
old. 
a Thirdly, a liquor may alter the colour of a body, by comminuting its 
parts; and principally after two ways: Firſt, by disjoining and diſſipa- 
ting thoſe cluſters of particles which ſtick more looſely together, only b 
means of ſome cement that is eaſily diſſoluble; and this ſeems to be the caſe 
in ſome of the following experiments, where the colour of many corpuſ- 
cles brought to cohere, by being precipitated together, is deſtroyed by the 
affuſion of very ſharp and piercing hquors. 2 By dividing the 
groſſer and more ſolid — 15 into minute ones, which will be, for the 
moſt part, otherwiſe ſhaped than the entire corpuſcles ſo divided; as hap- 
ns in a piece of wood reduced to ſplinters or chips, or when a piece of 
cryſtal heated red-hot, and quenched in cold water, cracks into a multi- 
rude of little fragments, which, tho' they do not fall aſunder, alter the 
diſpoſition of the body of it, as to its manner of reflecting the light. 
here is a fourth way oppoſite to the third, whereby a liquor may 
change the colour of another body, eſpecially a fluid, by procuring the 
coalition of ſeveral particles that before lay ſcattered, and too remote from 
each other to exhibit the colour that afterwards appears. Thus, when a 
ſolution of gold has been ſo diluted, that I queſtioned whether the li- 
ry really imbibed any of the metal, I have been quickly fatisfied it 
id, by pouring a little mercury into it; for the gold therein would ſoon 
clothe the furface of the quickſilver with a thin film of irs own livery. 
And by this way of bringing the minute parts of bodies together, in ſuch 
numbers as to make them a fit object for the eye, many of thoſe colours 


ſeem to be generated which are produced by [0 ; eſpecially if 


made with fair water; as when reſinous gums, diſſolved in ſpirit of wine, 
are let fall again, if the ſpirit be greatly diluted with that weakening li- 
quor. An thus out of the reftifed and tranſparent butter of antimony, 
there will, by the bare mixture of fair water, 

. D 


lentifull ipitated 
Vor. II. plentitully precipi _ 
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Pn xsics. that milk-white ſubſtance, which, by having its looſer ſalts well waſhed 
off is turned into Mercurius vitæ. 
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A fifth way wherein a liquor may change the colour of a body, is by 
—— its parts, and changing their order; at the ſame time, per- 
haps, alſo altering the poſition of the ſingle corpuſcles, as well as their 
ſituation in reſpect of one another. What ſhare particular commotions or 
diſlocations of the parts of a body may have in changing its colour, is 
evident from the mutations of that quality obſervable in quickſilver, and 
ſome other concretes, long kept by chymiſts in a convenient heat, tho* in 
cloſe veſſels; and alſo in the obvious degenerations thereof in bruiſed 
cherries, and other fruit : and that ſuch liquors as we have been ſpeak- 
ing of, may greatly diſcompoſe the textures of many bodies, and thereby 
alter the diſpoſition of their ſuperficial parts, the great commotion 
made in metals and other ſubſtances by Aqua fortis, oil of vitriol, c. 
eaſily perſuade us. And what ſuch a varied ſituation of parts may do to- 
wards diverſifying the manner wherein they reflect the light, may be 
gueſled, in ſome meaſure, by the pulverization of tranſparent glaſs, which 
thereby becomes a white powder; but ftill better, by the experiments we 
ſhall hereafter ſet down, with relation to the production and deſtruction of 
colours by ſubtile, ſaline liquors. And in ſome chymical oils, as parti- 
cularly in that of lemon-peel, the tranſpoſition of the parts, conſequent 
upon bare concuſſion, will repreſent on the ſurfaces of the bubbles there- 
by occaſioned, exceeding lively colours, which, when the bubbles relapſe 
into the reſt of the oil, immediately vaniſh. I know not whether I ſhould 
mention, as a diftin& method, that power whereby a liquor may alter the 
colour of another body, by putting the parts of it into motion; for tho”, 
poſſibly, the motion ſo produced, ſeldom, of a ſudden, changes the colour 
of the body whoſe parts are agitated ; yet this ſeems to be one of the moſt 
general, tho* not immediate cauſes of the quick change of colours in bo- 
dies; for the parts being put into motion by the adventitious liquor, ma- 
ny of them, that were before united, may be thereby disjoined ; and 
when that motion ceaſes or decreaſes, others of them may ſtick together 
in a new order : by which means the motion may ſometimes produce per- 
manent changes of colours; as in the experiment we ſhall hereafter men- 
tion, where a ſnow-white body is immediately turned into a yellow, by 
the bare affuſion of fair water. And tho when you rub good blue vitriol 
upon the clean blade of a knife, it will not impart its latent colour thereto ; 


yet if you moiſten that ſubſtance with common water, the particles of 


the liquor disjoining thoſe of the ſtone, and thereby giving them the va- 
rious agitation requiſite to fluid bodies, the metalline corpuſcles of the 
vitriol thus diſſolved will lodge themſelves in throngs in the ſmall pores of 


the iron, and give the ſurface of it the genuine colour of copper. 


Laſtly, The moſt important way, by which a liquor may alter the co- 
Jour of another body, is by aſſociating the ſaline, or other more rigid cor- 
puſcles of the 2 with the particles of the body whereon it is em- 


ploy d to work. For theſe adventitious corpuſcles uniting with the pro- 
| | tuberant 
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tuberant particles of the ſurface of a coloured ſubſtance, muſt neceſſari- Physio 


ly alter their bigneſs, and moſt commonly theirſhape. And that the co- 
lours of bodies greatly depend upon the bulk and figure of their ſuperfi- 
cial particles, ſeems probable, ſince many ancient and modern philoſo- 

hers have thought, that all colours might, in the general, be accounted 
or from them alone. The diverſification hereof will, in our caſe, be at- 
tended with theſe two circumſtances ; the one, that the protuberant par- 
ticles being increaſed in bulk, muſt often be varied as to the cloſeneſs or 
laxity of their order ; fewer of them being contained within the ſame 
ſenſible ſpace than before ; or elſe, by approaching one another, they 
muſt ſtreighten the pores ; and perhaps too by the manner of their aſſo- 
ciating themſelves with the protuberant particles, intercept new pores. 
And thus, alſo, theſe adventitious corpuſcles may produce a great change, 
as well in the little cavities, as in the protuberances of a coloured body ; 
for they may likewiſe, by lodging themſelyes in thoſe little cavities,fill them 
up; and it may eaſily happen, that they ſhall not only fill the pores they 
inſinuate — into, but have their upper parts extant above them: 
and partly by ſuch new protuberances, partly by increaſing the bulk of 
the former, theſe extraneous corpuſcles may much alter the number and 
bigneſs of the ſuperficial pores, changing the old ones, and intercepting 
new; and very probably the order of the little extancies, and conſequent- 
ly that of the little depreſſions, in point of ſituation will be altered like- 
wiſe. Thus if you diſſolve quickſilver in ſome kinds of Aqua fortis, the 
ſaline particles of the menſtruum aſſociating themſelves with the mercu- 
rial globules, will make a green ſolution, which afterwards eaſily dege- 
nerates ; and red lead, diſſolved in ſpirit of vinegar, yields a clear ſolu- 
tion, the redneſs of the lead being deſtroyed by the liquor. But a better 
inſtance is afforded from copper ; for I have try'd, that if upon a copper 
plate you let ſome drops of weak Aqua fortis reſt for a while, the cor- 
puſcles of the menſtruum joining with thoſe of the metal, will produce 
a very ſenſible aſperity upon the ſurface of the plate, and thence coagu- 
late into very minute grains of a pale blue vitriol; tho, if upon another 
— of the ſame plate you ſuffer a little ſtrong ſpirit of urine to remain 
or a competent time, the rough ſurface will be adorned with a deeper 
and richer blue. And the ſame Aqua fortis, that ſuddenly changes the red- 
neſs of minium into a darker colour, will, being put upon crude lead, 

roduce a whitiſh ſubſtance,as with copper it did a bluiſh,and as with iron 
ir gives a reddiſh, and on white quills a yellowiſh colour: ſo much may 
the coalition of the parts of the ſame liquor, with the differently figured 
particles of ſolid bodies ſeveral ways turn the differing] diſpoſed ſurfa- 
ces rough, and diverſify the colour of thoſe bodies. And *twill be eaſily 
believed, that in many changes of colour, which happen upon the diſſolu- 
tions of metals, and precipitations made with oil of tartar, Cc. a coa- 
lition of ſaline corpuſcles may be made with the particles of the body 
diſſolved or precipitated ; if we conſider how much the vitriol of a metal 


may be heavier than the pure metalline part thereof, upon account of the 
D 2 faline 
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Pnrsics. ſaline parts coagulated therewith ; and that in ſeveral precipitations the 


ALSVNV/ weight of the calx, for the ſame reaſon, much exceeds that of the metal 


Whether all bo- 


dies are 


when it was firſt expoſed to be diſſolved. 

But I am not aiming to eftabliſh a particular theory of colours, only 
deſign to offer ſome experiments and obſervations on the ſubje& of them. 
I ſhall, therefore, add = two particulars more, with relation to the forms 
of ſuperficial aſperity in coloured bodies. And firſt, I ſay, that there are 
many other means whereby true and permanent colours may beproduced 
in bodies, beſides thoſe practicable by the help of liquors ; for proof 
whereof ſeveral examples might be alledged ; but I need only refer 


to what we have already obſerved of the change of colours ſudden- 


ly made on tempered ſteel and lead, by the operation of heat, without 
the interpoſition of a liquor. Secondly, I obſerve, what is of more im- 
portance to our preſent ſubject, that tho* nature and art may, in ſome 
caſes, ſo change the aſperity of the ſuperficial parts of a body, as to al- 
ter its colour by any of the hoc) = er 2 a-part, yet 'tis generally by 
two or three, or perhaps by more of them together, that So effect is 
produced ; and if it be conſidered how variouſly thoſe ſeveral ways, with 
others of the like nature, may be compounded and applied, it will not 
appear ſurprizing, that ſuch truitful principles ſhould be fitted to change 
or —— many differing colours. 

itherto we have conſidered the little protuberances, or other ſuper- 


parent rar ficial particles which conſtitute the roughneſs of bodies, as if we took it 


"rays of light, and 


and in ſeveral ſubſequent pieces which f city and plainneſs. Herein heſhews t 


vindicated his diſcovery from ſeveral * priſm, and alſo thoſe 


for granted that they muſt be perfectly opake, and impenetrable to the 
1 contribute to the variety of colours, as they ſto 
more or leſs thereof, and reflect them to the eye particularly mixed wit 
more or leſs of ſhade. I have often thought it worth a ſerious inqui- 
ry, whether or no particles of matter, each of them ſingly inſenſible, may 
not yet ſeparately conſiſt of many minuter particles, betwixt which we 
may conceive little junctures, where they 4 to one another, in ſome 
degree pervious to the prodigiouſly ſubtile corpuſcles of the rays of light; 


vhence conſequently thoſe particles would, in ſuch a degree, be diaphanous. 


For as perfectly opake bodies can only reflect the incident rays of light, thoſe 
that are diaphanous refract them too; and that refraction has a E 
n 


70 Rofenghilicy of the rays of light is 3 objections made againſt it, that his 
their diſpoſition to be turned out of their | opponents, and particularly F. Pardies, 
way, in paſſing out of one tranſparent | ingenuo acknowledged themſelves 
ody into another; reflexibility, their | ſatisfied with it. At length Sir Iſaas pub- 

diſpoſition to be turned back into the | liſhed his doctrine more fully, in his 
ſame medium from the ſurface of any o- | excellent treatiſe of the reflectiont, re- 
ther. Sir Low Newton firſt ſhewed the | fractions, inflettions, and colours of light ; 
reciſe difference between them, in the | wherein he confirms it by numerous ex- 

bilefophical Tranſa#ions,N®. 80. A. D. 1671. | periments, made with the — 

at 

occur in the ſame Tyanſactions, ſo far | the colours of light produced by the 
refleQed from opake 

bodies, 
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upon COLOURS. 
rs from light paſſing thro' drops of Puxsies. 


hand in the produCtion of colours, ap 
water, which exhibits a rain-bow ; thro* priſmatic glaſſes, and many other WWW 
And I find, that in a darkned room, where the 
light 1s permitted to enter but at one hole, the little floating particles of 


tranſparent bodies. 


duſt, commonly called motes, being viewed by an eye placed on one fide 


of the beam o 


colours, like thoſe of 


light, appear in certain poſitions adorned with very vivid 
e rain-bow, or rather like thoſe of very minute 
ſparkling fragments of diamonds ; and that as ſoon as their motion has 


brought them to an inconvenient poſition in regard to the light and the 
eye, they are only viſible, without affording any lively colours: which 


ſeems to argue, that this duſt, or minute 
bodies reputed opake, and only crumbled into duſt, do not barely reflect 


agments of ſeveral ſorts of 


the rays that fall upon them, but reflect them to the eye refracted. 
We may alſo obſerve, that ſeveral bodies, which paſs for opake, appear 
in great meaſure tranſparent, when reduced into thin parts, and held 


againſt a ſtrong light. This I have not only taken notice of in pieces of 
ivory reduced to thickiſh leaves, in ma 
and in ſhavings of wood ; but have alſo — that a piece of very thick 
deal purpoſely interpos'd betwixt my eye and the clear <a 


quite thorough of a lovely red. And in the darkned room above-men- 


tioned, bodies held againſt the hole at which the light enter'd, appear d 
far leſs opake than they would elſewhere have done: fo chat! 

eaſily and plainly ſee, thro the whole thickneſs of my hand, the motions of 
a body placed at a very ſmall diſtance beyond it. 
the opacity is not always ſo exceeding great, if the body be made thin ; 
for white marble, tho' of a pretty thickneſs, bein 

placed betwixt the eye and a convenient light, will ſufter the motions of 
one's finger to be well diſcern'd through it; and ſo will thick pieces of 


many common flints. But, above all, that inſtance afforded us by Muſcovy 
glaſs is remarkable; for tho* plates of this mineral of a moderate thick- 
neſs. often appear opake, yet if one of theſe be dexterouſly ſplit into the 


thinneſt leaves 'tis made up of, it will yield ſuch a-number of them, as 
but experience could have induced me to believe. 


ſcarce. any _ 


Theſe leaves afford the moſt tranſparent ſort of folid bodies that, for 


ought I have obſerved, are yet known: and a fingle plate of it will be ſo 


bodies, have different degrees both of re- 
flexibility and refrangibility ; and that 
the mixture of all the coloured rays, in- 
to which the ſun's light is thrown by the 
priſm, makes white light; and therefore, 
that all homogeneal light, that is, light 


whoſe rays are all alike refrangible, have 
a peculiar colour anſwering to their de- 


gree of refrungibility ; that this is un- 
alrerable. by any farther reflections or re- 
fractions Whatever; that the ſun's light is 


eompoſed of all the primary colours to- 


—_ 


| 


her; and that compound colours pro- - 
— from a — the primary. 


Hence it follows, that no colours can 


ariſe from any new modifications of 


light. But Sir-{ſaac is of opinion, that 


the permanent colours of bodies are ow- 


ing to the diſpoſition of them to reflect 


ſome one ſort of rays, as. red, blue, &. 
more plentifully than others. Hence 
red bodies appear moſt beautiful in red 


light, blue bodies in blue light, Sc... 


far 


ny conſiderable thick ſhells of fiſn, 
y-light, appear d 
could 


nd even in minerals, 


within a due diſtance 
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\ Pursrcs. far from being opake, that tis ſcarce ſo much as viſible. And multitudes 
ol bodies there are, : whoſe fragments ſeem opake to the naked eye, 


which yet, when included in good microſcopes, _ tranſparent, On 


the other hand, there may, perhaps, be {ome b 


1es, whoſe minute par- 


ticles, even in an excellent microſcope, will not appear diaphanous. For 
upon viewing, by the help of a good glaſs, mercury precipitated per ſe, 


the little granules that made up the powder, appeared like little fra 


ents 


of coral beheld at a diſtance, with the naked eye. Filings of ſteel like- 
wiſe, and copper, tho' viewed in an excellent microſcope, on a fair day, 
ſhow'd like pretty large fragments of thoſe metals, and appear'd con- 
ſiderably bright on ſome of their ſurfaces ; yet I was not ſatisfy'd that I 
perceived refſections from the inner parts of any of them. Nay, looking 
thro' my beſt microſcope upon the red calx of lead, neither I, nor any to 
whom I ſhew d it, could diſcern it to be other than opake, tho” the day was 
clear, and the object ſtrongly enlighten'd. And even calcined vitriol, tho 


deeply red, appeared in the ſame microſcope like coarſe brick-duſt. Nor 
would I be forward to determine how far, or in what caſes the tranſpa- 
rency or ſemi-diaphaneity of the ſuperficial corpuſcles of larger bodi 


ICS 


may have an intereſt in the production of their colours; eſpecially ſince 
even in ſeveral white ſubſtances, as beaten glaſs, ſnow, and froth, where it 


- ſeems manifeſt that the ſuperficial parts are ſingly diaphanous, we ſee no 


ſuch variety of colours as is uſual from the refraction of light in thoſe 
bodies, when by their bigneſs, ſhape, Oc. they are properly qualified to 
exhibit the colours of the rain-bow and priſmatic glaſs f. 


+ For a clear account of opacity and 
tranſparency, let us hear the excellent 
Sir I} Newton The opacity of bodies _ 
ceeds (according to that great Philoſopher) 
from the multitude of reflections cauſed in 
their internal parts, by a diſcontinuity of 
them; for © between the parts of opake 
„and coloured bodies are many ſpaces, 
4% either empty, or repleniſhed with me- 
* ꝗiums of other denfities.—And that this 
* diſcontinuity of parts is the principal 
*<© cauſe of the opacity of bodies, appears 
** from conſidering, that opake ſubſtances 
* become tranſparent by filling their pores 
* with any ſubſtance of nearly equal den- 
* fity with their parts. Thus paper dipt in 
„Water or oil, the Oculus mundi ſtone 
**©. ſteeped in water, linen cloth oil'd or 
* varniſh'd, and many other ſubſtances 
* ſoaked in ſuch liquors as will inti- 
« mately pervade their little pores, be- 
come, by that means, more tranſparent 
than otherwiſe: ſo, on the contrary, 


the moſt tranſparent ſubſtances may, 


| 


By 


ce by evacuating their pores, or ſeparatin 
os Gale parts, be render'd ſufficiently S 
« pake ; as Salts, or wet paper, or the 
© Oculus mundi ftone, by being dried; 
“ horn, by being ſcraped; glaſs, by being 
reduced to powder, or otherwiſe, 
« flaw'd; turpentine, by being ſtirred 
4 about with water, till they mix imper- 
« fealy ; and water, by being form'd 
into many ſmall bubbles, either alone, 
in the form of froth, or by ſhaking it 
© together with oil of turpentine, or oil 
© olive, or with ſome other convenient 
liquor, wherewith it will not perfectly 
* incorporate. And to the increaſe of 
te the opacity of theſe bodies, it condu- 
&© ces ſomething, that, the reflexions of 
© very thin, tranſparent ſubſtances are 
* conſiderably ſtronger than thoſe made 
* by the ſame ſubſtances of a greater 
« thickneſs,” Newton, Optic. p. 223, 224. 
Sir Iſaac Newton farther obſerves, that 
the parts of bodies, and their interſtices, 


mult not be leſs than of ſome 2 te 
ig- 


upon COLOURS. 


By what has hitherto been delivered we may be aſſiſted to judge of Physics. 


that famous controverſy anciently held, betwixt the atomiſts on one ſide , 
and moſt other philoſophers on the other fide ; the former denying bodies — = 


. 


to be coloured in the dark, and the latter maintaining colour to be an in- e dark! 


herent quality, as well as figure, hardneſs, weight, Cc. For, if colour be 
only light modify'd, how can it ſubſiſt in the dark? But if colour be 
conſidered as a certain conſtant diſpoſition of the ſuperficial parts of the 
object, to diſorder the light they reflect after a determinate manner; as 
this modifying diſpoſition perſeveres in the object, whether it be en- 
lighten'd or not, there ſeems no juſt reaſon to deny, that, in this ſenſe, 
bodies retain their colour as well in the night as in the day. Or it may, 
upon this ſuppoſition, be otherwiſe ſaid, that bodies are potentially 
coloured in the dark, and actually coloured in the light. 


But tis of greater moment in the inquiry into the nature cf colours, ether empha- 
to decide that controverſy, whether thoſe of the rain-bow ; thoſe often 1 — 


5 ? 


ſeen in clouds before the riſing, or after the ſetting of the ſun ; and 
in a word, whether thoſe other colours, uſually called emphatical, ought 
to be accounted true : for it being generally granted, pear may eaſily be 
proved, that emphatical colours are light modify'd chiefly by refractions, 


bigneſs to render them opake and colour- 
ed; „for the opakeſt bodies, if their 
parts be ſubtily divided, become per- 
« feftly tranſparent, Thus water, falt, 
* glaſs, ſtones, and ſuch like ſubſtances, 


* are tranſparent ; for, upon divers con- 


« fiderations, they ſeem to be as full of 
<« pores or interſtices between their parts 
* as other bodies are; but yet their parts 
« and interſtices ſeem to be too ſmall to 
* cauſe reflexions in their common ſurfa- 
* ces.” Newton, Optic. p. 225. 

The tranſparent part of bodies, ſays 
Sir Iſaac Newton, according to their ſeve- 
« ral ſizes, reflect rays of one colour, and 
* tranſmit thoſe of another, on the ſame 
grounds that thin plates or bubbles do 
reflect or tranſmit thoſe rays;” and this 
Sir Iſaac takes to be the ground of all 
their colours: © for if, ſays he, a thinned 
** or plated body, which being of an even 
* thickneſs, appears all over of one uni- 
« form colour, ſhould be lit into threads, 
dor broken into fragments, I ſee no rea- 
« ſon why every thread or fragment 
** ſhould not keep its colour; and, by con- 
** ſequence, why a heap of thoſe threads 
vor fragments, ſhould nor conſtitute a 
„ maſs or powder of the ſame colour 
* Which the plate exhibited before it was 


with 


broken. And the parts of all natural 
« bodies being like ſo many fragments of 
«© a plate, muſt, on the ſame grounds, ex- 
* hibit the ſame colour. Now that they 
* do ſo, will appear by the affinity of 
te their properties. The finely coloured 
« feathers of ſome birds, and particularly 
* thoſe of peacocks tails, do, in the very 


« yeral colours in ſeveral poſitions of the 
« eye, after the very ſame manner that 
te thin plates do. And therefore their co- 
« Jours ariſe from the thinneſs of the 
« tranſparent parts of the feathers; that 
« is, from the ſlenderneſs of the very fine 
«* hairs, or Capillamenta, which grow out 
« of the ſides of the groſſer lateral branches 
« or fibres of thoſe feathers. And to the 
« ſame purpoſe it is, that the webs of 
« ſome ſpiders, by being ſpun very fine, 
have appeared coloured ; and that the 
50 — 1 fibres of ſome ſilks, by varying 
„the polition of the eye, do vary their 
« colour, Alſo the colours of filks, cloths, 
« and Other ſubſtances which water or 
« oil can intimately penetrate, become 
« more faint and obſcure, by being im- 
©« merſed in thoſe liquors, and recover 
« their vigor again, by being dried after 


* the manner of thin 


ies. ing 


ſame part of the feather, appear of ſe- 
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Puarys1cs. with the concurrence ſometimes of reflections, and 
WV VV dents depending on them both; if theſe emphatical colours be reſolved 
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ps other acci- 


genuine, it will ſeem to follow, that colours, or at leaſt many of them, 
are but diverſify'd light, and not ſuch real and inherent qualities as men 


-commonly ſuppoſe. 


Now ſince we allow echoes, and other ſounds of bodies, to be true 
ſounds, all their odours to be true odours, and in ſhort, other ſenſible qua- 
lities to be true, becauſe they are the proper objects of ſome of our 
ſenſes; I ſee not why empharical colours, being the proper and pecu- 
liar objects of the organ of ſight, and capable to affect it as truly and as 

werfully as other colours, ſhould be reputed imaginary. And if we 

ave proved, that colour, when taken in its more proper ſenſe, is only 
modify'd light, there will be little reaſon to deny, * theſe are true 
colours, which more manifeſtly than others ſhew themſelves to be pro- 
duced by the diverſifications of light. There is indeed a difference 
taken notice of betwixt theſe apparent colours, and thoſe that are uſu- 
ally eſteemed genuine, as to their duration ; which has induced ſome 
learned men to call the former rather evanid than fantaftical. But, as 


Gaſſendus obſerves, if this way of a rgung were true, the greenneſs of a 


leaf ought to paſs for apparent, beca 


< ſome forts of painted glaſs, the infuſion 
« of. Lignum 45 2p and ſome other 
4 ſubſtances, reflect one colour, and tranſ- 
mit another, like thin bodies alſo. And 
'< ſome of thoſe coloured powders which 
J _—_ uſe, may have their — th 
© little changed, being ela 
« rately and oel — Where I ſee 
© not what can be juſtly pretended for 
« thoſe c „ beſides the breaking 
* of their parts into leſs parts, by that 
c contrition, after the ſame manner that 
the colour of a thin plate is changed, 
4 by varying its thickneſs : for which 
« reaſon alſo it is, that the coloured flow- 
« ers of plants and vegetables, by being 
* bruiſed, uſually become more tranſpa- 
« rent than before; or at leaſt in ſome 


d or other change their colours. 
And thus, by mixing various liquors, 
« very odd remarkable productions 
1 and changes of colours may be effected, 


of which no cauſe can be more obvious 
«< and rational, than that the ſaline cor- 
< puſcles of one liquor do variouſly act 
upon, or unite with, the tinging cor- 
9 — * of. another, ſo as to make them 
% well or . ſhrink, (whereby not only 
« their bulk, but their denfity alſo may 
Abe changed) or to divide them into 


r 
— 


ſoon fading into a yellow, it cannot 


“ ſmaller corpuſcles, (whereby a coloured 
« liquor may become tranſparent) or to 
©« make many of them aſſociate into one 
« cluſter, whereby two tranſparent li- 
« quors may compoſe a coloured one. 
« For we ſee how apt thoſe ſaline men- 
« ftrua are to penetrate and diſſolve ſub- 
t ſtances to which they are applied ; and 
« ſome of them to precipitate what others 
« diffolve. In like manner, if we confi- 
« der the various phenomena of the at- 
* moſphere, we may obſerve, that when 
* yapours are firſt raiſed, they hinder not 
ti the tranſparency of the air; being di- 
« vided into parts too ſmall to cauſe any 
« reflexion in their ſuperficies. But 
% when, in order to compoſe drops of 
© rain, they begin to coaleſce, and conſti- 
* tute globules of all intermediate ſizes, 
* thoſe globules, when they become of a 
« convenient ſize to reflect ſome colours, 
% and tranſmit others, may conſtitute 
&« clouds of various colours, according to 
« their ſizes. And I ſee not what can be 
« rationally conceived in ſo tranſparent 
« a ſubſtance as water, for the — 
« of theſe colours, beſides the various ſizes 
&« of its fluid and mn parcels.” Newton. 
Optic. p. 226—22 0 
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be compared, in point of duration, with the greenneſs of an emerald. Pnysrcs. 
But if the ſun- beams paſs in a convenient manner thro' a glaſs priſm, ſo: 
as to be thrown upon ſome well ſhaded object, within a room; the rain- 
bow thereby painted on the ſurface of a body that terminates the rays, 
may often laſt longer than ſome colours I have produced in certain bodies: 
which colours would juſtly, and without ſcruple, be accounted genuine, 
tho* they ſuddenly degenerate, and loſe their nature. 
A greater diſparity betwixt emphatical colours, and others, may, per- 
haps, be urged; becauſe genuine colours ſeem to be produced in opake 
bodies, by reflection; but apparent ones, in diaphanous bodies, princi- 
ally, by refraction: for, in ſome caſes, reflection, alſo, may concur. 
— ſtill this ſeems not to prove, that theſe latter colours are falſe ones; 
nor muſt what we lately faid of the differences of true and apparent co- 
lours, be underſtood in too unlimited a ſenſe: for if water be agitated 
into froth, it exhibits a white colour, which it ſoon after loſes upon the 
reſolution of 9 — into air and water; in which caſe, the whiteneſs 
of the froth is either a true colour, or not. If it be true, then true colours, 
ſuppoſing the water pure, may prove as ſhort- lived as thoſe of the rain- 
bow; and the matter wherein the whiteneſs reſided, may, in a few mo- 
ments, be perfectly deprived of it. Beſides, even diaphanous bodies 
may be capable of exhibiting true colours, by reflection; for that white- 
nels is ſo produced, will ſhortly appear. But if it be ſaid, that the 
whiteneſs of froth is an emphatical colour; then it muſt no longer be 
ſaid, that fantaſtical colours require a certain poſition of the illuminating 
body and the eye; and muſt be varied or deſtroyed by the change there- 
of: for froth appears white, whether the ſun be riſing or ſetting ; in the 
meridian, or any where between that and-the horizon ; and in what part 
ſoever the ſpeCtator's eye is placed. And ſince, by making a liquor tena- 
cious, without deſtroying its tranſparency, or ſtaining it with any colour, 
we can give the little films 3 the bubbles conſiſt, ſuch a texture as 
will make the froth laſt for many hours, or days, together; it ſeems im- 
proper to aſſign duration for the. diſtinguiſhing character of genuine 
om fantaſtic colours: for ſuch froth may long out-taſt the true colours 
of ſome natural productions. Thus in that gaudy plant, the marvel of 
Peru, the flowers often fade on the very ſame day they are blown. And 1 
have often ſeen a Virginia flower, which uſually withers within the com- 
E of a day. I am alſo credibly inform'd, that a curious neighbouring 
taniſt has a plant whoſe flowers periſh in about an hour's time. 

But if the whiteneſs of water, turn'd into froth, muſt therefore be re- 
puted emphatical, becauſe it appears not that the nature of the body, but 
only that the diſpoſition of its parts, with regard to the incident night, is 
changed; why may not that whiteneſs be accounted emphatical too, 
which I ſhall ſhortly ſhew to be producible, barely by ſuch another change 
in black horn? And yet this whiteneſs, which is ſo eaſily acquir d, ſeems 
to be as truly its colour as blackneſs was before; and is, at leaſt, more 


permanent than the greenneſs of leaves, the redneſs of roſes, or the ge- 
Vor. II, E nuine 


Phrsics. nuine colours of moſt natural productions. It may, indeed, be further 
LYN objected, that, acccording as the ſun or other luminous body changes 
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place, theſe emphatical colours alter, or vaniſh. If a piece of cloth, in a 
draper's ſhop, where the light is ſeldom primary, be variouſly folded, it 
will appear of different colours, as the parts happen to be more jllumina- 
ted or ſhaded ; and if you ſtretch it flat, it will commonly exhibic ſome 
one uniform colour; yet theſe are not reputed emphatical : ſo that 
the difference ſeems to be chiefly this, that in the caſe of the rain-bow, 
and the like, the poſition of the illuminating body varies the colour ; and, 
in cloth, the poſition of the object does it. Yet I am not forward to al- 
low, that in all caſes the apparition of emphatical colours requires a de- 
terminate poſition of the eye; for if men will have the whiteneſs of 
froth emphatical, we have already ſeen what may be inferred from thence. 
Beſides, the ſun- beams tranſmitted thro” a triangular priſm of glaſs, 
after the manner lately mentioned, will, upon the body that terminates 
them, paint a rain-bow, viſible to the eye, whether placed on the right 
hand of it, or on the left ; above it, or beneath it; before it, or behind 
it : and tho' there may appear ſome little variation in the colours of the 
rain-bow, beheld from difterent parts of the room ; yet the like may be 
obſerved by an attentive eye, in real colours, view'd under the like cir- 
cumſtances. Nor will it follow, that, becauſe there remain no foot- 
ſteps of the colour upon the object, when the priſm is removed, that 
therefore the colour was not real ; ſince the light was truly modify'd by 
the refraCtion * and reflection it ſuffered in paſſing thro the priſm: and 
the object, in our caſe, ſerved as a ſpeculum to reflect that colour to the 
eye. For a rough and coloured object may ſerve for a ſpeculum to re- 
flect the artificial rain- bow we ſpeak of; ſince, in darkned rooms, 
a wall, conveniently ſituated within, will ſo reflect the colours of bo- 
dies external to the room, that they may very clearly be diſcern'd and 
diſtinguiſhed : and yet it is taken fie granted, that the colours ſeen in a 
darkned room, tho' they leave no traces upon the wall or body that re- 
ceives them, are the true colours of the external objects; together with 
which the colours of the images are moved, or reſt. And the error lies 
not in the eye, whoſe office is only to perceive the ———_— of things, 
and truly does ſo; but in the judgment that, by miſtake, concludes the 
colour belongs to the wall, which really — to the object; becauſe 
the wall is that from whence the rays of light which carry the viſible ſpe- 
cies, come in ftrait lines directly to the eye. And thus, for the ſame 
reafon, we ſuppoſe at a certain diſtance from concave ſpherical glaſſes, 


* We muft again repeat, that Sir “ of colour, made by refraction, do not 
- 1ſaac Newton demonſtrates, all the colours | © griſe from any new modification of the 
in the univerſe, which are made of light, | rays impreſſed by thofe refraQtions ; 
and depend not on the power of imagi- „ and, by the various terminations of 
nation, are either the Glades of homoge- | © light and ſhadow; as has been the 
neal lights, or compounded of them in a | © conftant and general opinion of phi- 
certain proportion. For the changes * © Joſophers.” Newton. Optic. p. 99. & p. 2 

c 
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that we ſee the image ſtand out to meet us, and hang in the air betwixt Parvsics. 
the glaſs and us; becauſe the reflected rays, that compoſe the image, LY WW 
orols one another in that place where the image appears to be; and thence 
in direct lines take their courſe to the eye. I might here add what will 
more fully appear hereafter, that colours, called emphatical, becauſe not 
inherent in the bodies where they appear, may be compounded with one 
another, as thoſe that are confeſſedly genuine. 


SECT. IL 


Come now to inquire into the nature of whiteneſs and blackneſs. Tie, va 
I Whiteneſs, conſidered as a quality in the object, ſeems, in the general, 

chiefly to depend upon the roughneſs of the ſurface of the body, call'd 
white; which gives it innumerable ſmall ſuperficies, that acting like fo 
many little ſpecula in various poſitions, they refle& the rays of light that 
fall on them, not towards one another, but externally towards the ſpecta- 
tor's eye. The ſun, and other very lucid bodies, not. only offend or 
dazle our eyes; but if any colour is aſcribed to them, it ſhould be white- 
neſs: * for the ſun at noon-day, and in clear weather, when his face is 


* White, in ſtrictneſs, we have alrea- 
dy obſerved to be no ſimple colour ; but 
a compound of all colours in a due pro- 
portion.“ When the ſeveral ſorts of rays 
** are mixed, ſays Sir Iſaac Neevton, and, 
in eroſſing, paſs thro the ſame ſpace, 
they act not upon one another, ſo as 
to change their colour-making quali- 
ties; but, by mixing their actions in 
the ſenſorium, beget a ſenſation, differ- 
ing from what either would do a- part: 
that is, a ſenſation of a mean colour 
berween their proper colours. And 
particularly, when, by the concourſe 
and mixtures of all Pres of rays, a 
white colour is produced; the white 
is a mixture of the colours which the 
rays would have a-part : the rays in 
f that mixture do not alter their ſeveral 
* colour-making qualities; but, by all 
** their various kinds of actions, mixed 
in the ſenſorium, beget a ſenſation of a 
** middling colour, between all their co- 
„ lours, which is whiteneſs. For white 
« neſs is a mean between all colours; 
having itſelf indifferently to them all ; 
« fo as with on facility to be tinged 
„with any of them. A red powder 
* mixed with a little blue, or a blue 
with a little red, doth not preſently | 


— 


ſerene, 


4 loſe its colour; but a white powder, 
© mixed with any colour, is preſently 
« tinged with that colour, and is equally 
capable of being tinged with any co- 
% Jour whatever.” See Newton. Optic. P · 
117, 118: 138, 139. 

We farther learn from Sir Iſaac Newton, 
that as a mixture of all the priſmatic co- 
lours makes perfe& white light; fo if 
ſoapy water be agitated into a froth, va- 
rious colours will appear therein, when 
viewed near; and, at a diſtance, when 
thoſe colours can no longer be diftin- 
guiſhed, the froth will ſeem perfectly 
white. But, by mixing coloured pow- 
ders, he tells us, we are not to expect a 
ſtrong and full white, but ſome dusky 
obſcure one; becauſe they * and 
ſtop in them a very conſiderable part of 
the light by which they are illuminated. 
Thus he produced a dark white, or a 
dun colour, by mixing one part of re 
lead with five parts of verdigreaſe; for 
theſe two colours were ſeyerally ſo com- 
pounded of others, that, in both toge- 
ther, there was a mixture of all colours. 

Again, one part of red lead, and four 
parts of blue biſe, compoſed a dun 
colour, varying a little to purple; and, 
by adding to it a certain mixture of orpi- 
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Pursics. ſerene, and his rays paſs thro a much leſs part of the atmoſphere to our 
eyes, appears of a colour more approaching to white than when he is 
nearer the horizon; in which caſe the interpoſition of certain fumes and va- 
pours. make him oftentimes appear either red or yellow. And when the 
ſun ſhines upon ſmooth water, that part of it which appears moſt illumined, 
ſeems far whiter than the reft, And I have ſometimes found, that when 
the ſun was veil'd with a thin white cloud, tho' ſtill too bright to be 
look d upon directly; that by caſting my eyes upon {till water, his body, 
being not far from the meridian, appeared to me exceedingly white. And 
tho' we vulgarly ſay, in Exgliſb, a thing is red-hot, to expreſs a ſuperlative 
degree of heat; yet, at the forges and furnaces of artificers, by a white 
heat they underſtand a further degree of ignition, than by a red one. 

2. Common experience informs us, that as too much light over- 
powers the eye; ſo when the ground is covered with ſnow, thoſe 
who have a weak fight, complain that this proſpect is offenſive to 
them. And even thoſe who have good eyes, are Sons hence generall 
ſenſible of an extraordinary light in the air; and, if obliged to — 
very long upon. tie ſnow, find their ſight injured by it. Thus Xenophon 
relates, that Cyrus marching his army, for many days, over mountains 
covered with ſnow, the dazling ſplendour ar its whiteneſs preju- 
diced the ſight of a great number of his ſoldiers, and blinded ſome of 
them; and other accounts of the ſame nature may be met with in 
writers of good note. The like has alſo been affirmed to me by credible 
perſons of my own acquaintance, and eſpecially by one, who, during 


ment and verdigreaſe, in due propor- | “ lour of any powder is more or leſs full 
tion, it loſt its Purple tincture, and | © and luminous, it ought to be uſed in a 
became perfectly dun. But the * „ leſs or greater proportion. Now con- 
ment ſucceeded beſt without red lead, | © fidering that theſe grey and dun co- 
thus: To orpiment, ſays Sir Iſaac, I | © lours may be alſo produced, by mixing 
« added, by little and little, a certain “ whites and blacks; and, by conſe- 
« full bright purple, which painters | © quence, differ from perfect whites, not 
« uſe, till the orpiment ceaſed to be | © in ſpecies of colours, but only in de- 
« yellow, and became of a pale red: | „ gree of luminouſneſs; it is manifeſt 
« then I diluted that red, by adding a | that there is nothing more requiſite to 
« little verdigreaſe and a little more blue | © make them perfectly white, than to 
« biſe than verdigreaſe, till it became | © increaſe their light ſufficiently; and, 
« of ſuch a grey or pale white, as va- | © on the contrary, if, by increaſing their 
« ried to noone of the colours more than] light, they can be brought to perfect 
«to another. For thus it became of a | © whiteneſs; it will thence alſo follow 
« colour equal in whiteneſs to that of | © that they are of the ſame ſpecies of 
« aſhes, or of wood newly cut, or of a | © colour with the beſt. whites ; and dif- 
« man's skin. The orpiment reflected | © fer from them only in the quantity 
% more light than did any other of the | of light.” And accordingly, by pla- 
« powders; and therefore conduced more | cing ſome . compoſed of orpiment, 
4 to the whiteneſs of the compounded | purple, biſe, and verdigreaſe, in the ſun's 
« colour than they. To aſſign the pro- | rays; and, viewing it at a diftance, it 
60 es Ry, Bay be difficult, f appeared intenſely white. Newton, Optic. 
« by reaſon of the different goodneſs of p. 129134, 

« powders of the ſame kind, As the co- 
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his ſtay in Muſcovy, found his eyes much impaired, by being frequently Physics. 
obliged to travel in the ſhow : and this weakneſs of fight did not CW 
leave him when he left that country, but ſtill continues, tho* he be a young 

man. I myſelf alſo, as well as others, have obſerved, that upon tra- 

velling by night, when the ground was all covered with ſnow, tho' it 

would otherwiſe have been dark, yet we could very well ſee to chuſe our 

way. But much more to my preſent purpoſe is that account given us by 

Olaus Magnus of a way of travelling in the Northern regions during the 

winter, where the days of that ſeaſon are very ſhort. * In the day-time, 

© ſays he, they travel twelve alian miles, but twice or thrice as far in 

* the night, and that with eaſe ; for the light of the moon, reflected by the 

* ſnow, renders both hills and vales conſpicuous ; ſo that then they can 

* ſee not only precipices afar off, but the wild beaſts they would avoid.“ 

This teſtimony I the leſs ſcruple to alledge, becauſe it agrees very well 
with what has been affirmed to me by a phyſician of Moſcow ; who in- 
formed me, that he could ſee things at a = greater diſtance, and with 
more clearneſs, when he travelled by night on the ſnow there, tho' with- 
out the aſſiſtance of the moon-ſhine, than we, in theſe parts, would ea- 
ſily believe. Tis true, indeed, the intenſeneſs of the cold might contri- 
bute ſomething to the conſiderableneſs of the effect, by clearing the air 
of dark ſteams, which, in theſe more temperate climates, are uſually 
thick in ſnowy weather : for this phyſician, and the ingenious navigator 
r Faves agree, that in dark froſty nights, in frozen climates, they 
could diſcover more ſtars, and have a clearer proſpe& of the heavens, 
than we in England. I know, indeed, many learned men ſuppoſe ſnow 
thus ſtrongly affects our eyes, not by a borrowed, but a native light. I 
venture, however, to give it as a proof, that white bodies reflect more 
light than others, becauſe having once placed a parcel of ſnow in a room, 
carefully darkened, that no celeſtial light might fall upon it, neither I, 
nor an 1n2enious perſon skilled in optics, could find it had any light be- 
ſides what it received ; and 'tis uſual, among ſuch as travel in dark 
nights, to make their guides wear ſomething of white to be diſcern'd 
by; for there is ſcarce any night ſo dark, but that, in the free air, ſome 
light remains, tho' broken and debilitated, perhaps, by a thouſand re- 
flections from the opake corpuſcles, that ſwim in the atmoſphere, and ſend 
it to one another betore it arrives at the eye. 

3. And the better to ſhew that white bodies reflect much more light 
than others, I held in the darkened room, formerly mentioned, not far 
from the hole at which the light entered, a ſheet of white paper ; from 
whence caſting the ſun-beams upon a white wall, it manifeſtly appeared 
both to me, and to a perſon I took to be witneſs of the experiment, to re- 
flect a-far greater light than any of the other colours; for the wall itſelf 
was not oy thus notably enlizhtened, but alſo a conſiderable part of the, 
room. And, further, to ſhew that white bodies refle& the rays outwards, 
let me add, that ordinary burning-glaſſes will not, in a great while, burn 
or diſcolour white paper; ſo that when I was a boy, and delighted Fe 
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Pnrsics. make trials with ſuch glaſſes, I could not but wonder at this odd pheno- 
LY VV menon, which ſet me very early upon gueſſing at the nature of whiteneſs ; 
and the more, becauſe I took notice that the image of the ſun, upon white 
paper, was not ſo well defined as upon black ; and becauſe that, upon 
inking over the paper, the moiſture would be quickly dried up, and the 
paper, that I could not burn before, would now preſently take fire. I have 
alſo try'd, that by expoſing my hand, with a thin black glove on it, to the 
warm ſun, it would heveby very ſuddenly be more conſiderably heated, 
than if I took off the glove, and held my naked hand to its rays, or put on 
another glove of thin white leather. 
4. And to ſhew that white bodies are apt, like ſpecula, to reflect the 
light that falls on them, we have found, in a darken'd room, that the 
ſun- beams being caſt from a coloured body upon a white wall, the deter- 
minate colour of the body was from the wall reflected to the eye; whilft 
we could, in many caſes, manifeſtly alter the colour arriving at the eye, 
by ſubſtituting, at a convenient diſtance, a colour'd gloſſy body inſtead of 
the white wall ; thus by throwing the rays from a yellow body upon a 
blue, there would be exhibited a kind of green. I might alſo here take 
notice, that when looking upon the calm and ſmooth ſurface of a river, 
lying betwixt my eye and the ſun, it appeared to be a natural ſpeculum, 
wherein that part, which reflected to my eye the entire and defined image 
of the ſun and rays adjacent thereto, appeared of a great whitiſh bright- 
neſs, but the reſt comparatively dark; when, if afterwards the ſuperfi- 
cies chanced to be a little ruffled by a gentle breath of wind, and thereby 
reduced into a multitude of ſmall, ſmooth ſpecula, the ſurface of the ri- 
ver would, at a diſtance, appear almoſt white; tho it loſt that appearance 
upon a return of the ſurface to a calm and uniform level. And I have 
ſometimes, as an experiment, brought in a lenticular glaſs, the _ 
of a river illumined by the ſun, into a darkened room, at about the di- 
ſtance of a quarter of a mile; by which means the numerous _— 
ſurfaces of the water were ſo contracted, that, upon the body whic 
received the image, the whole river appeared a very white object at two 
or three paces diftance. - But if we drew near it, this whiteneſs ſeemed 
to proceed from innumerable lucid reflections, made by the ſuperficies of 
.the water gently waved, which looked, when cloſely viewed, like a mul- 
titude of very little ſhining ſcales of fiſh ; many whereof every moment 
diſappeared, while as many were by the ſun, wind, and river, genera- 
ted anew. But tho this obſervation ſeemed ſufficiently to diſcover how 
the apparent whiteneſs, in that caſe, was produced ; yet in ſome other 
caſes, water may have the ſame, tho* not ſo vivid a colour, upon other ac- 
counts ; for it often happens that the ſmooth ſurface of the water ap- 
pears bright or whitiſh, by reaſon of the reflection, not immediately of 
the image of the ſun, but of the brightneſs of the sky ; and in ſuch caſes 
a convenient wind may, where it paſſes along, make the ſurface look 
black, by cauſing many ſuch furrows and cavities, as make the inflected 
ſuperficies of the water reflect the brightneſs of the sky, rather ** 
* 
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ly than externally. And again, if the wind increaſe into a ſtorm, the wa- Purvrcs. 
ter may appear white, eſpecially near the ſhore, becauſe the rude agita- 

tion breaks it into foam or froth ; fo much do whiteneſs and blackneſs de- 

pend upon the diſpoſition of the ſuperficial parts of a body, to reflect the 

rays of light inward or outward. But that as white bodies reflect the 

moſt light of any; ſo their ſuperficial particles are of a ſpecular nature, I 

ſhall further endeavour to ſhew, by making ſpecular bodies white, and a 

white body ſpecular. 

5. Upon diſtilling r in a cucurbit, fitted with a capacious 
glaſs-head, I have obſerved, that when the operation was performed by 
proper degrees of fire, there would ſtick to the inſide of the alembic a 
multitude of little round drops of mercury. And as mercury is a ſpe- 
cular body, each of theſe little drops was a ſmall ſpherical tooking-glall) 
and a number of them lying near one another, made the glaſs they were 
faſtened to, manifeſtly appear a white body. And as many parts of the 
sky, eſpecially the milky way, appear white to the naked eye; yet the 
galaxy, viewed thro' a teleſcope, does not appear white, but to be made 
up of a vaſt multitude of little ſtars; ſo, many lucid bodies, if too 
ſmall to be ſingly diſcerned by the eye, and ſet ſufficiently thick by one 
another, may, by their united rays, appear to the eye as one white body : 
and why may not the like happen, when a multitude of bright, little cor- 
puſcles, crowded N N are made jointly to reflect vivid rays to the 
eye, tho they ſhine by a borrowed light? 

But to return to our experiments; we may take notice, that the white 
of an egg, which tho? in part tranſparent, yet, by its power of reflefting 
I {ome incident rays of light, is, in Gate meaſure, a natural ſpeculum, being 
I long agitated with a whisk or ſpoon loſes its tranſparency, and becomes a 
very white froth; that is, an aggregate of numerous ſmall bubbles, 
whoſe convex ſuperficies fit them ro reffect the light every way outwards. 
And *tis worth obſerving that when water, for inſtance, is agitated into 
froth, if the bubbles be great and few, the whiteneſs will be but faint, 
becauſe the number of ſpecula within a narrow compaſs is but ſmall ; 
and they are not thick enough ſer to reflect ſo many little images or rays 
of the lucid body, as go to produce a vigorous ſenſation of whiteneſs. 
And leſt it ſhould be faid, that the whiteneſs of ſuch globular particles 
proceeds from the air included in the froth, (tho who can prove that the 
air itſelf is white?) and at the ſame time to illuſtrate our doctrine of 
whiteneſs, I ſhall add this experiment. I put to ſome fair water, 
contained in a glaſs vial, a convenient quantity of ſpirit of turpen- 
tine, which will not incorporate with water, yet is almoſt as clear and 
colourleſs as that ; and theſe being well ſhaken together, I found the agita- 
tion broke the oil into a multitude of little globes, which each of them 
reflecting outwards a lucid image, made the imperfe& mixture of the 
two liquors, appear whitiſh ; but if by vehemently ſhaking the glaſs for 
a competent time, a further comminution of the oil be made into far more 


numerous and ſmaller globules, whilſt it is alſo thereby more thoroughly 
confounded 
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Pursics. confounded with the water, the mixture will appear of a much greater 
SY whiteneſs, and almoſt like milk; tho' if the glaſs be let alone awhile, the 


colour will gradually fade as the oily globules grow fewer and larger, 
and at length quite vaniſh ; leaving both rhe liquors diſtin and diapha- 
nous as before. And ſuch a trial hath ſucceeded, when inſtead of oil, or 
ſpirit of turpentine, I took a yellow mixture, made with a large propor- 
tion of crude turpentine, diſſolved in taar liquor; and it alſo ſucceeded 
better than one would expect, when I employ d an oil brought to a dee 
green, by infuſing copper filings therein. Thus aromatics, diſtilled wit 
water, often 2 a white liquor, which may long continue of that co- 
lour ; becauſe if the tire be made too ſtrong, the ſubtile oil is thereby 
much agitated, broken, and blended with the water, in ſuch numerous 
and minute globules, as cannot ealily, in a ſhort time, emerge to the top 
of the water, and, whilſt they remain therein, make it look whitiſh. 
And hence, perhaps, it is, that we find hot water uſually more opake and 
whitiſh than the ſame when cold; the agitation turning the more volatile 
particles of the water into vapours, and thereby producing, in the body 
of the liquor, a multitude of ſmall bubbles, which interrupt the free 
paſſage of the rays of light, and from the innermoſt parts of the wa- 
ter, reflect many of them outwards. Theſe, and the. like examples, have 
induced me to ſuſpect, that the ſuperficial particles of white bodies may, 
for the moſt part, be as well convex as ſmooth ; tho” it ſeems not eaſy to 
prove, that when diaphanous bodies are reduced into white powders, each 
corpulcle muſt needs be of a convex ſuperficies ; and, perhaps, it may here 
ſuffice that the ſpecular ſurfaces look ſeveral ways. We have ſeen that when 
a diaphanous body is reduced to very minute parts, it thereby acquires a 
multitude of little ſurfaces within a narrow compaſs ; and tho' each of 
thoſe ſhould not be of a convenient figure to reflect a round image of the 
ſun, they may reflect ſome phyſical line of light, wherein ſome refraction 
of that which falls upon the body, whereon it depends, may often con- 
tribute to its whiteneſs. Thus if a ſlender wire, or ſolid cylinder of glaſs, 
be expoſed to luminous rays, you ſhall ſee, in ſome part thereof, a vi- 
vid line of light; and if we were able to draw out and lay together a 
multitude of theſe little wires or threads of glaſs, ſo ſlender, that the eye 
could not diſcern a diſtance between the luminous lines, there is no doubt, 
as far as I can gueſs by a trial of this kind purpoſely made, that the whole 
phyſical ſuperficies, compoſed of them, would appear white to the eye; 
and if fo, it is not always neceſſary that the figure of thoſe corpuſcles, 
that make a body appear white, ſhould be ſpherical : and ſnow itſelf com- 
monly appears both to the naked eye, and when viewed thro' a micro- 
ſcope, to conſiſt principally of little ſlender icicles of ſeveral ſhapes, which 
afford ſuch numerous lines of light as we ſpeak of. | 

6. If youtake a diaphanous body, as, for inſtance, a piece of glaſs, 
and reduce it to powder, the ſame body which, when entire, freely tranſ- 
mitted the rays of light, acquiring, by contuſion, a multitude of minute 
ſurfaces, each of which is, as it were, a little ſpeculum, becomes thare- 
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by qualified to reflect, in a confuſed manner, ſo many rays, or little and Parsics, 


ſingly unobſervable images of the lucid body, that from a diaphanous, it 


degenerates into a white ſubſtance. And heating lumps of cryſtal red- 


hot, in a crucible, I have found, that, upon quenching em in fair 
water, even thoſe which remained ſeemingly entire, exchanged their tranſ- 
parency for whiteneſs ; the ignition and extinction having cracked each 
lump into a multitude of minute bodies, and thereby given it a mul- 
2.8 cf new ſurfaces. And even with coloured diaphanous bodies, there 
may, by this way, be a great degree of whiteneſs produced. I have, by 
contuſion, obtained whitiſh powders from granats, glaſs of antimony, 
and emeralds ; but the experiment is more eaſily made, by comparing 
deep blue pulverized vitriol of copper, with ſome of the entire cryſtals of 
the ſame, for this will, comparatively, exhibit a conſiderable degree of 
whiteneſs. 

7. And as by a change of poſition in the parts of differently coloured 
bodies, they may be rendered white; ſo by a ſlight change, in the texture 
of its ſurface, a white body may be deprived of that property. A. piece 
of ſilver newly boiled, with ſalt and tartar, after the * oldſimiths faſhion, 
is of a lovely white ; but if, with a piece of ſmooth fteel, a part of it be 


burniſh'd, that part preſently loſes its whiteneſs, and turns to a ſpeculum, 


almoſt every where dark, like other mirrors ; which adds a great confir- 
mation to our doctrine. For hence we ſee what it chiefly is that made 
the body white before; ſince all that was done tp deprive it of that white- 
neſs, was only to depreſs the little irregular protuberancies, that ſtood 
out on the ſurface of the ſilver, into one continued regular plain. 

8. What we have ſaid of whiteneſs may aſſiſt us to form a notion of 
blackneſs ; thoſe two qualities being ſufficiently oppoſite to illuſtrate each 
other. And as that which makes a body white, is chiefly ſuch a diſpoſition 
of its parts, as diſpoſes it to reflect more of the light that falls on it, than 
bodies of different colours; ſo that which renders a body black, is princi- 
pally a peculiar kind of texture of its ſuperficial particles ; whereby it 
damps the light that falls on it, ſo that very little is reflected to the eye. 
9. This texture is explicable two ſeveral ways; and firſt, by ſup 
in the ſuperficies of the black body, a particular kind of aſperity; whence 
the ſuperficial particles reflect few of the incident rays outwards, and the 
reſt inwards, upon the body itſelf : as if, for inſtance, the ſurface of a 
black body ſhould riſe up in numberleſs little cylinders, pyramids, cones, 
Tc. which, by being thick ſet and erect, throw the rays of light from one 
to another inwards, fo often, that, at length, they are loſt Ye they can 
come out again to the eye. The other way ſuppoſes the textures of black 
bodies either to yield to the rays of light, or, upon ſome other account, 
to ſtifle and keep them from being reflected in any number, or with an 
confiderable vigour outwards. According to this notion it may be aid 
that the corpuſcles, which compoſe the rays of light, thruſting one another 
from the lucid body, and falling on black ſubſtances, meet with ſuch a 
texture, that they receive into themſelves, and retain almoſt all the 
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' Rrsics. motion communicated to them by thoſe uſcles, and conſequently re- 
I flect but few of them, or thoſe but My: towards the r as wh 
a ball, thrown'againſt a floor, rebounds a great way upwards, but very 
little or not at all when thrown againſt mud or water; becauſe the parts 
hwy and receive into themſelves the motion which ſhould reflect the ball 
ack. But this laſt manner of accounting for blackneſs I barely propoſe, 
without either adopring, or abſolutely rejecting it; for the hardneſs of 
touchſtones, black marble, and of other bodies that are black, and ſolid, 
ſeems to render it ſomewhat improbable that they ſhould be of ſo yield- 
ing a nature; unleſs we ſay that ſome bodies may be more diſpoſed to 
yield to the impulſes of the corpuſcles of light, by reaſon of a peculiar tex- 
ture, than others, which, by particular trials, appear to be ſofter than 
they. Both the folutions, however, agree in this, that black bodies re- 
flect but little of the light which falls on them. And it is not impoſſible 
that, in ſome caſes, both the diſpoſition of the ſuperficial particles as to 
figure and poſition, and the vielding of the body, or ſome of its parts, 
may jointly contribute to render a body black. The conſiderations which 

induced me to propoſe this notion of blackneſs, are principally theſe. 
(..) Whiteneſs and blackneſs being generally reputed contrary quali- 
ties, whiteneſs depending, as I faid, upon the diſpoſition of the parts of 
the body, to reflect light plentifully, it ſeem'd probable, that blackneſs 
might depend upon a contrary diſpoſition of ſurface ; but upon this I ſhall 
not inſiſt. However, if a body, of an uniform colour, be placed, part in the 
fun-beams, and part in the ſhade, that part, which is not illumined, will 
appear nearer allied to blackneſs than the other, from which more aght 
is reflected to the eye; dark colours alſo ſeem the blacker, the leſs is 
the light they are viewed in : and all things ſeem black in the dark, when 
they yield no rays to make impreſſions upon our organs of ſight ; ſo that 
ſhadow and darkneſs are near a-kin : and ſhadow, we know, is but a 
privation of light ; blackneſs, accordingly, ſeems to proceed from the 
want of rays reflected from the black body to the eye; tho? the bodies we 
call black, as marble, jet, Oc. are not perfectly ſo, for if they were, we 
ſhould nor ſee them at all. But notwithſtanding the rays which fall on 
the ſides of thoſe ere particles we mentioned, do few of them return 
outwards ; yet ſuch as fall upon the points of thoſe cylinders, cones, or 
pyramids, may be thence reflected to the eye, tho' they make but a faint 
impreſſion there; becauſe they are mixed wich a great proportion of little 
ſhades. Thus, having precured a large piece of black marble to be well 
liſhed, and brought to the form of a large ſpherical concave ſpeculum, 
the inſide thereof was a kind of dark looking-glaſs, wherein I could 
plainly fee a little image of the ſun, when ir ſhone thereon. But this 
image was very far from offending or dazling my eyes, as it would have 
done from another ſpeculum ; and tho' this were large, I could not, in a 
long time, ſet a piece of wood on fire with it; tho” a far leſs ſpeculum 
of the ſame form, and of a more reflecting material, would preſently 
have made it flame. And having expoſed to the ſun a pretty large gy” 
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of white marble, poliſh'd on the inſide, we found that it refſected a great Physics. 
quantity of glaring light, but ſo ſcatrer'd, that we could not make the re. 
flected rays meet in any ſuch conſpicuous focus as that we obſerv'd in the 
black marble ; tho' by holding a candle, in the night-time, at a convenient 
diſtance, we were able to procure a concourſe of a few reflected _ at 


about two inches diſtance from the bottom of the mortar. But we found 
the heat of the ſun-beams ſo diperſedly reflected, to be very languid, even 
compared to the focus of the black marble : and the little picture of the 
ſun that appear'd upon the white marble as a ſpeculum, was very faint, 
and exceedingly ill defined. 

(2.) Taking two pieces, the one of black, and the other of white mar- 
ble, whoſe ſurfaces were plain and poliſh'd ; and caſting on them ſucceſ- 
ſively the rays of the ſame candle, in ſuch a manner that the adjacent 
ſuperficies being ſhaded by an opake and perforated body, the incident 
rays paſs'd thro* a round hole of about half an inch in diameter, the cir- 
cle of light that appear'd on the white marble was, in compariſon, very 
bright, but very ill defined; whilft that on the black marble was far lets 
luminous, but much better defined. 

(3.) When we look upon a piece of linen that has ſmall holes in it, they 
appear very black ; ſo that men are often deceiv'd in taking holes for 
ſpots of ink : and painters, to repreſent holes, make uſe of black ; the 
reaſon whereof ſeems to be, that the rays which fall on thoſe holes, pe- 
netrate ſo deep, that none are reflected back to the eye. And in a narrow 
well, part of the mouth ſeems black, becauſe the incident rays are re- 
fected downwards, from one ſide to another, till they can no longer re- 
bound to the eye. We may conſider too, that if difterent parts of the 
ſame-piece of black velvet be ſtroak'd oppoſite ways, there will appear 
two diſtin kinds of blackneſs, the one far darker than the other; pro- 
bably becauſe in the leſs obſcure part of the velvet, the little ſilken piles, 
whereof tis compos'd, being inclined, there is a greater part of each of 
them turn'd to the eye; whilſt in the other part the piles of ſilk being 
more erect, there are by far fewer rays ſent outwards from the lateral 
parts of each pile: ſo that moſt of thoſe reflected to the eye, come from 
the tops of the piles, which make but a ſmall part of the whole ſuperficies 
of the velvet. This explanation I propoſe, not that I think the blackneſs 
of the velvet proceeds from the cauſe aſſign'd ; ſince each ſingle pile of filk 
is black by reaſon of its texture, in what poſition ſoever it be view'd ; 
but becauſe the greater blackneſs of a ſingle tuft ſeems to proceed from 
the greater defect of rays reflected thence, and from the want of thoſe 
parts of a ſurface that refle& rays, and the multirude of thoſe ſhaded 
parts that reflect none. And I have often obſerv'd, that the poſition of 
particular bodies, far greater than piles of (ilk, may, notwithſtanding 
each of them hath a colour of its own, make one part of their aggregate 
appear far darker than another. Thus a heap of carrots appear . much 
darker colour when view'd with their points, than with their ſides ob- 
verted to the eye. | a STR 2 
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Experiments and Obſervations 
(A4. I have obſerv'd in a darken'd room, that if the ſun-beams which 


came in at the hole were receiv'd upon white, or any other colour, and 
directed to a convenient part of the room, they would manifeſtly increaſe 
the light of that part; but if we ſubſtituted either a piece of black cloth 
or black velvet, it would ſo damp the incident rays, that the ſaid place 
would be leſs illumin'd than before, when it i, its light only from the 
weak and oblique refleCtions of the floor and walls of a pretty large room; 
over which the beams that came in at the hole, were confuſedly and in a 
broken manner diſpers'd. 

(5. And to ſhew that the rays which fall on black bodies, as they do 
not rebound outwards to, the eye, ſo they are reflected towards the body 
itſelf, as the nature of thoſe erect particles to which we have imputed 
blackneſs requires; we ſhall add an experiment, that will at the ſame 
time confirm our doctrine of whiteneſs. e took, then, a broad and large 
tile, and having whited over one half of its ſuperticies, and black'd the 
other, we expos'd it to the ſummer ſun. And having let it lie there a con- 
venient time, we found that whilſt the whited part of the tile remain'd 
cool, the black d part of it was grown very hot. And for further ſatis- 
faction, we have ſometimes left upon the ſurface of the tile a part that 
retain'd its native red; and —.— all to the ſun, we obſerv'd the lat- 
ter to have contracted a heat in compariſon of the white part, but infe- 
rior to that of the black. Tis alſo remarkable, that rooms hung with 
black are not only darker than they would be otherwiſe, but warmer too. 


I have known a great lady, of a tender conſtitution, complain that ſhe 


commonly took cold upon going into the air, after having made any long 
viſit to perſons whoſe rooms were hung with black. And this is not the 
only lady I have heard complain of the warmth of ſuch rooms; which, tho* 
perhaps it may partly be imputed to the effluvia of thoſe materials where- 
with the hangings were dyed, yet probably the warmth in this caſe depends 
chiefly upon the ſame cauſe with darkneſs; for upon expoſing two pieces 
of ſilk, the one white, the other black, in the ſame window to the fan, 1 
have often found the former conſiderably heated, when the latter has re- 
main'd cool. 

(.) A virtuoſo of unſuſpected credit acquainted me, that in a hot 
climate he had, by carefully blacking the ſnells of eggs, and expoſing them 
to the ſun, ſeen them thereby well roaſted, in no long time. But in Eng- 
land, the ſun's rays ſeem not to be ſufficiently ſtrong to produce ſuch an 


effect; for having expos'd eggs in the ſummer ſeaſon thereto, they acquired 


indeed a conſiderable degree of heat, but not enough to roaſt them. 

(v.) Laftly, our conjectures about the nature of blackneſs, may be ſome- 
what confirmed by the obſervation of the blind man, formerly mention'd, 
who diſcerns colours with his fingers ; for he ſays, that he feels a greater 
roughneſs upon the ſurfaces of black bodies, than upon thoſe of red, 
yellow, or green. And Bartholine tells us, that a blind earl of Mansfield 
could diſtinguiſh white from black only by the touch; which might ſuffi- 
ciently argue a great difference in the aſperities, or ſuperficial textures 
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of the bodies of thoſe two colours; if the learned relator had affirm'd 


the matter upon his own knowledge. Let us next take in the aſſiſtance . 


of our experiments, purpoſely made to bring us farther acquainted with 
the nature of white and black. . 

1. Take any quantity of fair water, heat it, and add thereto as much 

common ſublimate as it will diſſolve, or till ſome of it lie untouched 


and, to a ſpoonful or two of the clear, add four or five drops of good 
Impid ſpirit of urine : ſhake them together, and immediately the whole 
mixture will appear white, like milk. After this, if you preſently add 
a convenient proportion of rectify d Aqua fortis, the whiteneſs will 
immediately diſappear, and the whole mixture become tranſparent ; 
which you may, if you pleaſe, again reduce to a conſiderable degree of 
whiteneſs, by pouring thereinto more freſh ſpirit of urine. It is not 
neceſſary to employ either Aqua fortis, or ſpirit of urine, about this ex- 
riment ; for we have made it with other liquors. 

2. Make a ſtrong infuſion of bruis'd galls in fair water; and having 
filtered it into a clean vial; add more of the ſame fluid to it, till you have 
made it ſomewhat tranſparent, and ſufficiently diluted the colour for the 
credit of the experiment. In this infuſion, ſhake a convenient quantity of 
a clear, bur very ſtrong ſolution of vitriol ; and you ſhall immediately ſee 
the mixture turn black, almoſt like ink : and if, preſently after, you drop 
into this mixture a ſmall quantity of good oil of vitricl, and, by ſhaking 
the vial, ſuddenly diſperſe it thro” the two other liquors ; you will ſee the 
dark colour of the whole preſently begin to diſſipate, grow clear, tranſ- 
parent, and loſe its inky blackneſs ; which may be again reſtored by the 
afiuſion of a ſmall quantity of a ftrong ſolution of ſalt of tartar. And 
thoꝰ both theſe atramentous liquors will ſeem very pale, if you write with 
a clean pen dipt in them; yet that is common to them, with ſome forts 
of -ink, which prove very | apy when dry; as I have found, that when 
theſe were carefully made, what I wrote with either, eſpecially with 
the former, would, after a while, turn ſufficiently black. This ex- 
periment of deſtroying and reſtoring blackneſs, we have likewiſe try'd in 
common ink; tho with this it ſucceeds not fo well, and but very flowly ; 
becauſe the gum uſually employ'd in making it, oppoſes the operations. 
of the ſaline liquors. And tho* it be taken for granted, that bodies will 
not precipitate with alkalizate ſalts, which have not been firſt diſſolved 
in ſome acid menſtruum; yet I have found, upon trial, that many vege- 
tables, barely infuſed, or but lightly boiled in common water, afford, 
upon the bare affuſion of a ſtrong and clear lixivium of pot-aſhes, a large 
quantity of coagulated matter; ſuch as I have had in the precipitations of 
vegetable ſubſtances, by means of acids; and that this matter was eaſily 
ſeparable from the reſt of the liquor; being left behind by it in the filtrè. 
And, from the firſt ink mentioned in this experiment, I could, by filtra- 
tion, ſeparate a conſiderable quantity of a very black pulverable ſubſtance. 
And when the ink was made clear again, by the oil of vitriol, the — 
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at the bottom of the liquor; then filter this ſolution thro* cap-caper, by Experiments. 
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Pnrsres. of diſſolved. ſalt of tartar ſeem'd but to precipitate, and thereby unite, 
ud render conſpicuous, the corpuſcles of the black mixture, that had been 
before diſperſed, into very minute and ſingly inviſible particles, by the 
reſolving power of the highly corroſive oil of vitriol. And that galls are 
not abſolutely neceflary to make atramentous liquors, appears from the 
following experiment. We boil'd dry'd roſe- leaves for a while in fair 
water, and into two or three ſpcons- ful of the decoction, ſhook a few drops 
of a ſtrong and well filtred ſolution of vitriol; whereupon the mixture 
immediately turn'd black: and preſently. ſhaking herein a juſt proportion 
of Aqua fortis, we changed it from a black to a deep red ink; which, by. 
the affuſion of a little ſpirit of urine, may be reduced immediately to an 
opake blackiſh colour. |  Sledw 30> tos 5 | 3 
3. In theſe experiments, the infuſion of galls, the decoction of roſes, 
and the ſolution; of vitriol, have each their own colour; but we may 
ſuddenly produce a blackneſs, by mixing an infuſion of orpiment, and 
a ſolution of minium, both whereof ſhall be limpid and colourleſs. And 
with theſe hquors may be exhibited a curious and ſurprizing phenomenon, 
if made and applied in the following manner: 1. Take of the ſtrongeſt 
unſlaked lime about two parts, of yellow orpiment one part, of fair 
water fifteen or ſixteen parts; beat the lime groſly, and powder the 
orpiment, with care to avoid the noxious duſt: and having put theſe two 
ingredients into the water, let them remain there for two or three hours; 
ſtirring the mixture from time to time. Thus you'll obtain a fetid liquor; 
the clear part whereof muſt be poured off from the reſt, or gain'd by the 
filtre. - 2. In the mean time burn a piece of cork, and quench it, whilſt 
fired, for ſeveral times ſucceſſively in fair water; and having, by this 
means, reduced it to a coal, you may eaſily, by grinding it with a ſolution 
of gum-arabic in water, bring it to the colour and conſiſtence of a good 
black ink. 3. Take any quantity of red lead, and two or three times its 
weight of vinegar, or rather the weak ſpirit of it; and, putting the 
powder and that into a glaſs vial, let them infuſe in ſome conſiderably 
warm place for two or three hours, till the liquor has acquired a ſweet 
taſte. - Matters being thus prepared, write what you pleaſe with a clean 
pen dipt in the ſolution of the red lead; which, if filtred, will prove ſo 
clear, as to be inviſible upon the paper. Over what is thus written, 
you may draw any characters or letters you pleaſe, with a pen 
dipt in the black ink made with cork. And, laſtly, to ſhew the experi- 
ment, dip a linen rag in the fetid ſolution of the lime and orpiment, 
which is alſo limpid, and draw it over the written paper; and this will at 
once both wipe out the ſtrokes of the black ink, and render all that was 
wrote with the inviſible ink conſpicuouſly blacg. Tr” 
4. If pieces of white hart's-born be, with a moderate degree of fire, 
diſtilled in a glaſs retort, they will, aſter the ſeparation of the phlegm, 
ſpirit, volatile ſalt, and the looſer and lighter parts of the oleaginous ſub- 
ftance, remain one behind of a coal-black colour. And even ivory itſelf, 
when $kilfully burnt, affords painters one of the beſt and deepeſt. Magus 
72 they 
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they have. | Yet, in the inſtance of diſtill'd hart's-horn, the operation be- Phrsics. 
ing made in glats veſſels, carefully cloſed, no extraneous black ſubſtance CSVAY 
infinuates itfelf into the white horn; but the whiteneſs is deſtroyed, and 
the blackneſs generated only by a change of texture made in the burnt 
body by the receſs of ſome parts, and the tranſpoſition of others. And 
tho” I remember not to have ever found the Caput mortuum of diſtilled 
hart's-horn to paſs from a black to a true whiteneſs, whilſt it continued 
in cloſe veſſels ; yet, having taken out the coal-black fragments, and cal- 
cined them in open veſſels, I could, in few hours, quite deftroy that 
blacknefs, and, without ſenſibly changing their bulk or figure, reduce 
them to a degree of whiteneſs: ſo much do theſe two colours depend 
upon the diſpoſition of the little parts that the bodies wherein they are 
to be met with, conſiſt of. And we find, that if white-wine tartar, or 
the white cryſtals of ſuch tartar, are burnt, without being truly calcined, . 
the Caput mortuum will be black. But if the calcination be continued till 
the tartar is perfectly reduced to aſhes, and kept long enough in a ſtrong 
fire, the remaming calx will be white. And ſo we fee, that not only other 
vegetable ſubſtances, but even white woods, as the hazel, will yield a 
black charcoal, and 1 8 _ Thus ——— 2 
ſtances, naturally white, as bones and egg-ſhells, grow black, upon being 
— agpin, when nerſettly colcined. N * cm 

5. Yet I much queſtion whether the rule, aduſta nigra, peruſta alla, 
will hold as univerſally ay is preſumed; for I have feveral examples to al- 
ledge againſt it. By burning alabaſter ſo as to make it appear to boil- 
almoſt like milk, and to reduce it to a very fine powder, it would not 
grow black at all, but retain its pure and native whiteneſs: and tho", by 
. it longer than uſual in the fire, I produced a faint yellow in that 
part of the powder which lay neareſt the top of the crucible ; yet a cu- 
rious and experienced ſtone- cutter told me he had found, that if ala- 
baſter, or plaiſter of Paris, be very long kept in a ſtrong fire, the whole 
heap of burnt powder would exchange its whiteneſs for a much deeper 
| colour than the yellow I obſerved. Lead calcined with a ftrong fire, turns - 
ö at length, to mininm, whoſe colour we know is a deep red; and if this 
minium be again urged with a ſtrong fire, you will ſooner find a glaſſy. 

brittle body, darker than minium, than any white calx or glaſs. "Tis. 
known among chymiſts, that the white calx of antimony, by a more 
vehement operation of the fire, may be melted into a glaſs ; which we have 
obtain'd of a red colour far deeper than that of the calx of burnt anti- 

mony : and tho* common glaſs of antimony, being ufually adulterated - 
with borax, have its colour thereby diluted, often to a very pale yellow; 

yet not only ours, made more genuinely, was, as we ſaid, of a colour 
leſs remcte from black than the calx ; but, by melting it once or twice 
more, we found the colour heighten'd.. And if you burn blue unſophiſti- 
cated vitriol very flowly, and with a gentle degree of heat, you may 
obſerve, that when tis burnt only ſo far as to rub to powder betwixt 


your fingers, it will be of a white, or waitiſh colour: but if you proſe- 
> cuter 
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Paysres. cute the calcination, this body will paſs thro' other colours, as a. grey, 
WY VV a yellowiſh, and a red: and if you continue it in a long and vehement 

fire, by that time it comes to be thoreughly calcined, it will be of a dark 

urple, nearer to black, not only than the firſt calx, but than the vitriol, 
2 it at all felt the fire. I might add, that Crocus Martis, made by the 
laſting violence of the reverberated flames, is not ſo near to white as the 
iron or ſteel that aftorded it, before its calcination. F; 

Theſe inſtances may ſuffice to ſhew, that minerals are to be excepted 
from the foremention'd rule; which, tho' it ſeldom fails in ſubſtances 
belonging to the animal or vegetable kingdom, may yet be ſuſpected even 
in ſome of theſe, if Belloniuſ fay true, that charcoal, made of the wood 
of oxycedar, is white. And-I could not; find, tho' hart's-horn, and 
other white bodies, will turn black in retorts, by heat, that camphire 
would at all loſe its whiteneſs ; tho' I; have purpoſely kept it in ſuch a 
heat as made it melt and boil. U | 

* 16. And tho I could not, in-:dloſed;;glafſes, blacken camphire by heat, 
| but it would ſublime to the ſides and top of the veſſel in its natural form ; 
yet being ſet on fire in the free air, it ſends out a great ſmoke : and 
having, purpoſely,” upon ſome of it, whilſt flaming, clapt a large glaſs, 
almoſt in the form of a hive, with a hole at the top, it continued burn- 
ing, ſo as to line all the inſide of the glaſs with a ſoot as black as ink; and 
= in 1 great a quantity, that the cloſeneſs of the veſſel conſider d, almoſt 
all that part of the camphire which took fire, ſeem'd to have been changed 
into that deep black ſubſtan ce | 
| 7. I took rectified oil of vitriol, and, by degrees, mixed with it a con- 
venient proportion of the eſſential oil of wormwood ; and, warily diſtil- 
q ling the mixture in a retort, there remain'd a ſcarce credible quantity of 
dry matter, black as a coal. And becauſe the oil of wormwood, tho' a 
ehymical oil, and drawn by a virtuoſo, ſeem'd to have ſomewhat in it of 
the colour of the plant, I ſubſtituted, in its room, the pure and ſubtile oil 
of winter-ſavory ; and gradually mixing it with an equal weight of the 
fame oil of vitriol, and diſtilling them, as before, in a retort, even theſe 
two clear liquors left me a conſiderable proportion of a ſubſtance black 
as ps which I _ by me as a rarity. : | 
. Take a little yellovr wax, 0 or thinly ſliced, and | purring it 
into a convenient glaſs, pour to it a conſiderable quantity of ſpirit of 
wine; and, placing the veſſel in warm ſand, increaſe the heat by de- 
grees, till the ſpirit of wine juſt begins to boil ; and by continuing that de- 
gree of heat, you will quickly find the wax difſoly'd : then taking it off, 
you may either ſuffer it to cool as haſtily as with ſafety to the glaſs it 
can, or pour it, whilſt yet hot, into a filtre of paper; and either in the 
= where it cools, or in the filtre, you will ſoon find the wax and men- 
um together reduced into a white ſubſtance almoſt like butter ; which, 
by letting the ſpirit exhale, will ſhrink into a much leſs bulk, but ſtill 
retain its whiteneſs. *Tis a pretty phenomenon in working of this ma- 


giſtery of wax, that the yellowneſs vaniſhes, and neither appears 1 the 
| | pirit 
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may ſo call it, which is wax well and ſuddenly blanched. _ 

9. We took two parts of common ſublimate, and one of tin-glaſs, both 
finely powdered, 1 exactly mixed ; theſe we ſublimed together, by proper 
degrees of fire, and there aſcended a matter of a very peculiar texture, 
for the moſt part made up of very thin, ſmooth, ſoft, ſlippery plates, al- 
moſt like the fineſt ſort of fiſh-ſcales ; but of ſo lovely a white, inclining 
to pearl-colour, and of ſo curious and ſhining a gloſs, that they ap- 

eared, in ſome reſpects, little inferior to orient pearls, and, in others 
zem'd to ſurpaſs them. They were applauded for a ſort of the prettieſt 
trifles we had ever prepared to amuſe the eye. I will not undertake, 
that thoꝰ a man can hardly miſs changing the colour of the tin-glaſs, that 
he ſhall at the firſt, or perhaps the ſecond trial, hit upon the right way 
of making this glittering ſublimate. 

10. When, in « fortis, we diſſolve a mixture of gold and filver, 
melted into one mals, it uſually happens, that the powder of gold which 
falls ro the bottom, as not being diffoluble by that menſtruum, will not 
retain its own yellow, but appear of a black colour; tho” neither the gold, 
the ſilver, nor the Aqua fortis did before manifeſt any blackneſs. And 
many chymiſts, when they make ſolutions of minerals, are very pa to 
ſee a black powder precipitated to the bottom ; taking it for a hopeful 
ſign, that thoſe particles are of a golden nature, which appear in a 
colour ſo common to gold, when ſeparated from other metals by Aqua 
fortis, tho ſo obſtinate, that it is hard for the refiner to reduce the precipi- 
rated calx to its native colour. For tho* that may quickly be done by fire, 
which will make this gold look very charmingly, and is indeed one of the 
beſt ways in practice for the refining of gold; yet it requires a watchful 
eye, and competent skill, to give it fuch a degree of fire, as will ſerve to 
reſtore its luſtre, without bringing it to fuſion. I remember, that having 
taken a flat bright piece of cold refined by a curious and skilful perſon, 
on purpoſe to try to what height of purity that metal could be brought by 
art ; I found this very piece, as arious as it look'd, being rubb'd a 
little upon fine clean linen, ſullied it with a kind of black. And the 
like I have obſerved in refined filver ; which I therefore mention, becauſe 
I formerly ſuſpected, that the impurity of the metal might have been 
the only cauſe of what I have frequently obſerved in wearing ſilver- 
hired ſwords, that where they rubb' upon my clothes, when made of 
light-coloured cloth, they would quickly black them. And thus alſo I 
have found pens blacked nearly all over, upon carrying them about me 
in a ſilver ink-caſe. And as in theſe ſeveral inſtances of acquired blackneſs, 
the metals are worn off, or otherwiſe reduced to very minute parts, *tis a 
circumſtance that deſerves to be remark'd. 

11. That a ſolution of ſilver will dye hair of a black colour, is a 
known experiment, wherewith ſome perſons of greater curioſity than 
skill have unluckily made their friends very merry. And I lately diverted 
myſelf 21 an improvement of this obſervation; for having diffolved ſome 
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ſpirit of wine that paſſes limpid thro” the filtre, nor in the butter, if I Parsrcs. 
9 


45 inquiry inte 12. The cauſe of blackneſs, in whole nations of Negroes, has been 


the cauſe of long diſputed by learned men; who * had done well to have con- 


Negroes, 


Pnxacs, pure filver in Aqua fortis, and wholly evaporated the menſtruum, I caus'd 
quantity of fair water to be poured upon the calx, two or three ſe- 


1 * with a little of the ſilver thus A 3 upon which they were 
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veral times ; and to be cach time evaporated, till the calx was very dry, 
and all the greeniſh blue, that uſually appears in common cryſtals of fil- 
ver, quite vaniſhed : after this, I made thoſe I had a deſign upon, to moiſten 
ſome part of their skin with their own ſpittle, and ſlightly Ayr the moiſtened 


rprized, to fee that a ſhow-white body ſhould preſently produce a deep 
blackneſs there, as if the ſtains had been made with ink. This black- 
neſs could not, like that produced by ink, be readily waſhed away ; but 
required a long time to be got off. And with the ſame calx, and a little 
fair water, we likewiſe ſtain'd the white hafts of knives with a laſting 
black, in thoſe parts where the calx was plentifully laid on ; but where 
it was very thinly ſpread, the ftain was not of quite ſo deep a colour. 


ſidered why ſome whole races of other animals, as foxes and hares, are 
diſtinguiſhed by a blackneſs unuſual to the generality of the ſame ſpecies. 
However, I ſhall freely acknowledge, that this inquiry ſeems more ab- 
ſtruſe to me than it does to many others; becauſe, conſulting many 
authors, the accounts of voyages, and travellers, to ſatisfy myſelf in 
matters of fact relating to it; I have met with ſome things among 
them, which ſeem not to agree with the notion of the moſt claſſic 
writers upon this head. As it 1s, therefore, my preſent buſineſs to deliver 
rather matters hiſtorical, than theoretical, I ſhall annex ſome few of my 
collections, inſtead of a formal diſputation. © 
It is commonly preſumed, that the heat of the climates, inhabited by Ne- 
. is the cauſe of their colour; and this, principally, becauſe we plainl 
e, that mowers, reapers, and other country people, who ſpend the mo 
part of the 3 in the heat of the ſun, have the skin of their hands 
and faces, which are the parts immediately expoſed to his rays, of a dark 
colour, and tending to blackneſs. On the contrary, we obſerve, that the 
Danes, and other inhabitants of cold climates, and even the Engliſh, who feel 
not ſo ſevere a degree of cold, have uſually whiter faces than the Spaniards, 
Portugueze, and other Europeans of hotter countries. But this argument 
ſeems far more ſpecious than convincing ; for tho' the heat of the ſun 
may darken the colour of the skin, yet experience doth not ſhe w, that 
heat alone is ſufficient to produce a diſcolouration, which ſhall amount to 
a true blackneſs, like that of the Negroes, Beſides, in many parts of 4/ia, 
under the ſame parallel, or in the ſame degree of latitude with the Afri- 
can regions, inhabited by blacks, the people are but tawny. And in 
Africa 1tſ{elf, many nations in the empire of Erhiopia are not Negroes, tho 
ſituate in the torrid zone, and as near the equinoctial, as other nations, 
that are black. Again, I find not, by the beſt accounts, I could any 
where obtain of the Meſt-Indies, that, excepting, perhaps, one place, or 
two, of ſmall extent, there are any blacks, originally natives of any 
part 


. 
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part of America ; for the blacks, now there, were, by the Europeans, Pays1cs. 
long ago tranſplanted thither : tho? it contains ſo great a variety of ch= LYYNJ 
mates, and particularly reaches quite croſs the torrid zone, from one 
_ tropic to the other. Tis true, the Danes are a whiter people than the 
Spaniards ; yet this may proceed rather from other cauſes, than the cold- 

neſs of the climate ; ſince the Swedes, and other inhabitants of thoſe cold 
countries, are not uſually ſo white as the Danes, nor whiter than other 

nations, in proportion to their diſtance from the pole. And, in the nume- 

rous train of an ambaſſador extraordinary from the Ruſſian emperor, I 
obſerved, tho? it were then winter, the colour of their hair and skins was 

far leſs whitiſh than that of the Danes, who inhabit a milder region ; and 

rather, for the moſt parr, of a darkiſh brown. And the phyſician to this 

ambaſlador told me, that, in Muſcovy itſelf, the generality of the people 

were more inclined to have dark-coloured hair, than flaxen ; but ſeem'd 

to ſuſpect, that the true and ancient Ruſſians, ſome whereof he had met 

with in one of the provinces of that vaſt empire, were rather white, like 

the Danes, than any thing near ſo brown, as the preſent Muſcovites, 

whom he gueſſes to be deſcended from the Tartars, and to have inherited 

their colour from them. | | 

But further, eminent authors inform us, that there are Negroes in 

Africa, not far from the cape of Good-Hope, and conſequently beyond the 

ſouthern tropic; and out of the torrid zone, about the ſame latitude to the 

north, there are many American nations, that are not Negroes ; and 

wherein the inhabitants of Candia, ſome parts of Sicily, and even of Spain, 

are not ſo much as tawny. Nay, I find, by our lateſt accounts of Green- 

land, that the inhabitants there are olive-colour'd, or rather of a darker 
| hue. But if the caſe were the ſame with men, and thoſe other kinds of ani- 

mals, before mentioned; I ſhould offer a remark; as a conſiderable proof, 

that cold may do much towards making men white, or black. However it 

be, I ſhall ſer down the obſervation, as deſerving a place in the hiſtory of 

whiteneſs and blackneſs. It is affirmed by Olaus Magnus, and others, 

that in ſome parts of Ruſſia and Livonia, hares, foxes, and partridges, 
. which were black before, or red, or grey, become white in the depth of 
winter, by reaſon of the great coldneſs thereof. And a virtuoſo, who 
lately travelled thro? Livonia to Moſcow, confirms this relation; adding, 
that himſelf had ſeen ſuch animals there, whilſt they were white, which 
the inhabitants aſſured him had been black, or of other colours, before 
the winter began, and that they would be ſo again, when that ſeaſon 
was over. But, for further ſatisfa&ion, I alſo conſulted one, who had, 
| for ſome years, been an eminent phyſician in Ruſſia, and who, tho' he 

rejected ſome other traditions, that are generally believed concerning 
that country, told me, he ſaw no cauſe to doubt of this relation, as to 
foxes and hares ; not only becauſe tis the common and unconteſted aſ- 
ſertion of the natives, but alſo, becauſe he himſelf, in the winter, could 
never, that he remember d, ſee foxes and hares of any other colour than 
White. And I myſelf, having ſeen a ſmall white . brought out of 


G 2. Ruiſſia, 


Pnrsics. Ruſſia into England towards the latter end of winter, foretold thoſe who 
led him me, that he would change colour in the ſummer ; and accord- 
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weg coming to look upon him in Fu, I found that his back and ſides, 
with the upper part of his head and tail, were already grown of a dark 
colour; the lower part of the head and belly till continuing white. 

Let me add, that were it not for ſome ſcruple, I ſhould think more 
than what Olaus relates confirm'd by Olearius, who, in his Account of Muſ- 
covy, has this paſſage: The hares are there grey, but in ſome provin- 
ces they grow white in the winter.” And ſoon after It is not very 
difficult to find the cauſe of this change, which certainly proceeds from 
the outward cold; ſince I know that even in ſummer, hares will 
change their colour, if they be kept for a competent time in a cellar.” 

But in the ſame page, this author affirms the like change of colour that 

happens to hares in Bos provinces of Muſcovy, happens to them alſo in 
Livonia; and yet immediately ſubjoins, that in Curland the hares vary not 
their colour in winter, tho' the two latter countries be divided only by 
the river Dugna : for it is ſcarce conceivable, how cold alone ſhould have, 
in countries ſo near, ſo very differing an effect; tho' not more ſtrange, 
than what is believed by thoſe who aftribe the complexion of negroes to 
the heat of the ſun, when they would have the river Cenega ſo to affect 
the Moors, that tho on the north fide they are but tawny, on the other 
fide they are black. There is another opinion as to the complexion of the 
negroes, not only embrac'd by many of the more vulgar writers, _— 
men of eminence and learning ; who would have their blackneſs an 

of Noah's curſe upon Cham. But tho a naturalift may ſafely believe all 
the miracles atteſted by the holy ſcriptures, yet in this caſe to fly to a 
ſupernatural cauſe, will, I fear, look like ſhifting off the difficulty, inſtead 
of ſolving it; for we here enquire not into the firſt and univerſal, but the 
proper, immediate, and phyſical cauſe of the blackneſs in negroes. Be- 
ides, tis not expreſs'd in ſcripture, that the curſe meant by Noah to 
Cham, was the blackneſs of his poſterity ; but tis plain this curſe was 
quite another thing, clearly expreſſing that he ſhould be a ſervant of ſer- 
vants, that is, a very abject ſervant to his brethren : which — 
in ſome meaſure, came to paſs, when the Hraelites, the poſterity of Sem, 
ſubdued the Canaanites that deſcended from Cham, and kept them in great 
ſubjection. But how is blackneſs a curſe? for navigators tell us of black 
nations, who think ſo differently of their own condition, that they paint the 
devil white. | 

Blackneſs is not inconſiſtent with beauty, which depends not ſo much 
upon colour, as an advantageous ſtature, a comely ſymmetry of the 

the body, and juſt features in the face; ſo that I ſee not why it ſhould 
be thought ſuch a curſe to the negroes, unleſs, perhaps, they going naked 
in thoſe hot climates, the colour of their Skin probably makes the ſun- 
beams more "Og, to them, than they would prove to people of a 
white complexion. 11s very probable that the principal cnld of black- 
neſs in negroes, is ſome peculiar and ſeminal impreſſion; for black chil- 
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dren, brought over into theſe colder climates, loſe not their colour. And Pursies. 
credible authors inform us, that the offspring of negroes, tranſplanted LFWAu 


out of Africa above a hundred years ago, ftill retain the complexion of 
their progenitors ; tho” poſſibly, in tract of time, it will decay: on the 
other hand, white people removing into very hot climates, have their 
skins, by the heat of the ſun, ſcorch'd into dark colours; tho' neither 
they nor their children are obſerv'd, even in the countries of negroes, to 
deſcend to a true black. Let Piſo tells us, that betwixt the Americans and 
negroes, are generated a diſtinct ſort of men, which they call Cabocles ; 
and that betwixt Portugueze men and Ethiopian women, he has ſometimes 
ſeen twins, one whereof had a white skin, and the other a black one, 
with other the like effects of ſeminal. impreflions, from whence they ſeem 
to preceed ; ſince even organical parts may receive great differences from 
* iar impreſſions, upon what account ſoever they came to be ſet- 
tled in the firſt individuals, — whom they are propagated to poſterity; 
as we ſee in the thick lips and flat noſes of moſt nations of negroes. And. 
if we may credit what learned men deliver concerning the little feet of 
the Chineſe, the Macrocephali, taken notice of by Hippocrates, will not be the 
only inſtance we might apply to our preſent purpoſe. And on this occaſion 
it may not be impertinent to add what 1 have obſerved in other ani- 
mals. Thus there is a ſort of hens which want rumps; and Lhave ſeen a 
py white raven, both in bill and feathers ; which I attentively con- 
ider'd, for fear of being impos'd upon. A very ingenious phyſician has . 
often told me of a young lady, a patient of his, who greatly complain d. 
of want of health, tho there appear d ſo little cauſe thereof in any re- 
ſpe, that he concluded it wholly imaginary,. and advis'd only little 
journeys of pleaſure ; when going once to viſit St. Winifrid's well, the 
lady, who was a catholic, and devout. in her religion, having continued a 
pretty while in the water, to perform ſome devotions, er ber eyes very 
attentively upon the red pebble ſtones, which, in a ſcatter d order, made 
a large part of thoſe that appear 'd thro the water. A while after this, 
ſhe grew big, went her time, and was deliver'd of a child, whoſe skin 
was plentifully ſpeckled with ſpots of the colour and magnitude of thoſe 
ſtones: and tho' this child is many years old, yet ſhe ſtill retains them. 

I have but two things here to add concerning the blackneſs of negroes; 
the one is, that the ſeat of that colour, ſeems to be only the thin outward . 
Skin; for I knew a young. black, who, having been lightly ſick of the 
ſmall-pox or meaſles, had, in the places. of the puſtules, whitiſh ſpecks. 
left behind. And Piſo aſſures us, that. upon diſſecting many negroes in 
Brazil, he found their blackneſs went no deeper than the cuticle, . which 
being removed, the cutis appear'd as white as that of European bodies. 
And the like has been affirm'd to me by a phyſician, who diſſected. a ne- 
groe in Exgland. The other thing I. here take notice- of concerning” 
negroes, is, that an intelligent acquaintance of mine, who keeps about 
three hundred, women and men, to work in his plantations in che Indies, 


told me their children came into the world almoſt of the like reddiſh 2 
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-?Pgrsres. lour with our European children; and that in a few days after they ap- 
& pear'd black. Agreeable hereto is the account lately publiſh'd by a ſeſuit, 
dne of the miſſionaries into South- America, who there baptiz d ſeveral 
infants; which, when newly born, he ſays, were much of the ſame colour 
with European children, but within about a week begin to put on the hue 
of their parents. More full is the teſtimony of our countryman, Andrew 
Battel ; who being ſent priſoner to Angola, lived there, and in the adjoin- 
ing regions, near eighteen years; for he mentioning the African kingdom of 
Longo peopled with blacks, ſays, according to Purchas, © The children in 
this country are born white, and change their colour in two days to a 
perfect black. The Portuguexe, in the kingdom of Longo, have ſometimes 
children by the negroe women; and the fathers are often deceiv'd, 
thinking that when the child is born, it is theirs, and within two days 
© it proves itſelf the child of a negroe.” And the ſame perſon has elſe- 
where a relation, which, if we may credit it, is very. well worth our notice ; 
ſince this, together with what we have formerly mention'd of ſeminal im- 
preſſions, ſhews it poſſible that a race of blacks might be begun, tho* none 
of the ſons of Adam were for many precedent generations of that com- 
plexion. Tis ſurely as poſſible, that white parents may ſometimes have 
lack children, as that African negroes ſhould ſometimes have laſtingly 
"white ones; eſpecially ſince concurrent cauſes may more eaſily favour the 
produCtion' of the former, than, in the ſcorching heat of Africa, that of 
the latter. And I remember, what may a little countenance this aſſertion, 
that the poſſeſſor of the white raven I formerly mention'd, affirm'd to me, 
that in the neſt, out of which he was taken white, they found with him 
another young one, of as perfect a black as any common raven. But to 
come to the paſſage itſel : There are, ſays our author, ſpeaking of the 
regions formerly mention d, born in this country white children, which 
is very rare among them, for their parents are negroes ; and when any 
. © of them are born, they are preſented to the king, and are call'd Dondos. 
. * Theſe, who are as white as any white men, are the king's witches, 
and are brought up in witchcraft, and always wait on the king. There 
is no man that dares meddle with theſe Dondos ; if they go to the mar- 
© ket, they may take what they liſt; for all men ftand in awe of them. 
The King of Longo hath four of them.” Yet this country in our globes 
is placed almoſt in the midſt of the torrid zone; and our author elſewhere 
tells us, that the inhabitants here are ſo fond of their blackneſs, that they 
will not ſuffer the whites to be buried in their land; of which he an- 
nexes a particular example, that may be ſeen in his voyage, preſerv'd 
by the induſtrious Purchas. But it is high time to return to our expe- 
riments. | | 
Whiteneſs 7 13. The way of producing whiteneſs by chymical precipitations, is 
Emi well worth our obſerving; for thereby bodies of very different colours 
"2nd natures, tho diſſolved in various hquors, are all reduced to white 
powders. Thus we find, that not only crabs eyes, and pearls, but red 
"coral,-and minium, being diſſolved in ſpirit of vinegar, may be uni- 
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tin; ſeparately ? 
the other be precipitated, by common ſalt-water into white powders; 
and ſo will crude lead, tin-glaſs, and quick-ſilver, diſſolved in Aqua fortis, 


and precipitated ; and many of theſe powders may be made, at leaſt, as 
fair and white, if, inſtead of oil of tartar, they were precipitated with 
oil of vitriol. Nay, that black mineral antimony being reduced, by the 
ſalts that concur to compoſe common ſublimate, into the clear unctuous 


liquor, called rectify d butter of antimony, will, as was before obſerved, 
by the bare plentiful affuſion of fair water, be ſtruck down into a ſnow- 
white powder; which, when well waſhed from its ſaltneſs, is term'd 
Mercurius vite ; tho' the like powder may be made of antimony, without 
the addition of any mercury at all. And this whiteneſs commonly en- 
ſues, when ſpirit of wine, impregnated with thoſe parts of gums, or 
other vegetable concretions, ſuppoſed to abound with ſulphureous cor- 
uſcles, 1s ſuddenly diluted with fair water. And on a tin&ure of 

njamin, drawn with ſpirit of wine, and brought to be as red as 
blood, having poured ſome fair water, it preſently united with the 
tincture, and turn'd the whole mixture white. But if ſuch milky fluids 
be ſuffered to ſtand at reſt for a convenient time, they uſually let fall 
to the bottom a reſinous ſubſtance ; which the ſpirit of wine, diluted, and 


weakned by the water, was unable any longer to ſuſtain. And ſome- 


thing of kin to this change of colour in vegetables, is that which chymiſts 
obſerve, in pouring acid ſpirits to the red ſolution of ſulphur, made with 


an infuſion of pot-aſhes, or ſome ſharp lixivium ; when the precipitated. 


ſulphur, before it ſubſides, immediately turns the red liquor white. 
But tho' moſt precipitated bodies are white, yet ſome are not. Gold, 
diflolved in Aqua regis, whether precipitated with oil of tartar, or with 
ſpirit of ſal-armoniac, will not afford a white, but a yellow calx. Mercu- 
ry alſo, tho reduced to ſublimate, and precipitated with liquors, abound- 
ng in volatile falts, as the ſpirits drawn from urine, hart's-horn, and 
other animal ſubſtances; yet aflords, as we formerly noted, a white 
— — but, with ſome ſolutions, hereaſter to be mentioned, it will 
let fall an orange-tawny powder. And ſo will crude antimony, if, be- 
ing diſſolved in a ſtrong lixivium, you pour any acid liquor upon the ſo- 
lution, newly filtred, whilſt it is yet warm. And if, upon the filtred 


ſolution of vitriol, you pour a ſolution of lixiviate ſalts, there will ſub- 


ſide a large ſubſtance, very far from white, which the chymiſts call ſul- 
phur of vitriol ; ſo that the greateſt part of diſſolved bodies being, by 
precipitation, brought to white powders, and yet ſome affording preci- 
pitates of other colours, the rata of borh the phenomena may deſerve. 
to be inquired into. | | To” 

14. Some learned moderns are of opinion, that the reaſon why white 
neſs and blackneſs ought to be called the two extreme colours, is, that. 


And, not to diſpute about words, or expreſſions, the thing itſelf, that is 
| affirmed 
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formly precipitated by oil of tartar into a white calx. Thus {ilyer, and Pursics. 
diſſolved in Aqua fortis, will the one precipitate itſelf, and WW. 


; Whether black 
receives no ot her 
colour, and 


black receives no other colour, but white very eaſily receives them all. 1: * 
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*Paysrcs. affirmed as matter of fact, ſeems to be true, in moſt caſes, but not in 
al. For tho' it be a common obſervation among dyers, that cloth, which 


has once been thoroughly imbued with black, cannot well afterwards be 
dyed of a lighter colour ; yet the experiments, lately delivered, may 
ſhew, that, were the change of colour in black bodies attempted, nor 
by mixing thoſe of lighter colours with them, but by adding ſuch things, 
as are proper to alter the texture of thoſe corpuſcles, which contain the 
black; tis no difficult matter to effect. For inks of ſeveral kinds, 
may immediately be deprived of all their blackneſs; and thoſe made 
with log-wood, and red roſes, be changed, the one into a red, the 
other into a reddiſh liquor. With oil of vitriol, I have ſometimes 
turn'd black pieces of ſilk into a kind of yellow ; and tho” the taffaty 
were thereby made rotten, yet that no way prejudices the experiment; 
the change of black ſilk, into yellow, being never the leſs true, be- 
cauſe the yellow filk is not good. And as for whiteneſs, I think the 
general affirmation of its being ſo eaſily deſtroyed, or tranſmuted, by 
any other colour, ought not to be received, without ſome cautions, and 
reſtrictions. For tho, according to what I formerly noted, lead is, by 
calcination, turn'd into that red powder, called minium ; and tin, by the 
fame means, reduced to a white calx ; yet the common putty, inſtead of 
being, as it is pretended, and ought to be, only the calx of tin, is, by 
the artificers who make it, to ſave the charge of that metal, compoſed 
but of half tin, and half lead, if not far more lead than tin; and yet 
the putty, in ſpight of ſo much lead, is a very white powder, without 
diſcloſing any mixture of minium. And fo, if you take two parts of 
copper, which is a high-coloured metal, and but one of tin, you may, by 
ion, bring them into a maſs, wherein the whiteneſs of the tin is much 
more conſpicuous, and predominant, than the reddiſhneſs of the copper. 
And a very honeſt man aſſures me upon his own experience, that if 
arſenic and copper be melted together in a due proportion, the arſenic will 
blanch the copper both within and watheut ; and that this white mixture, 
Skilfully kept upon the cupel, would preſently let go its arſenic, which 
made whiteneſs its predominant colour, and return to the reddiſhneſs of 
copper: ſo that ſome white mineral bodies may be very capable of eclip- 
ling others, and of making their colour predominant in mixtures. And, 
as a further confirmation of this, I remember, that I had a lump of 
filver and gold, melted together, wherein, by the eftimate of a very ex- 
perienced Tefiner, there might be about a third part of gold; yet the 
llow colour of that metal was ſo hid, that the whole maſs appeared to 
ſilver; and, when rubbed upon the touch-ſtone, twas not eaſily 
diſtinguiſhed from the touch of common ſilver: tho if I put a little Aqua 
fortis, upon any part of the white ſurface it had given the touch-ſtone, 
the ſilver, in the maiſtened part, being immediately taken up, and con- 
ceal'd by the liquor, the golden particles would preſently diſcloſe them- 
ſelves, and lock as if pure gold alone had been rubbed upon the ſtone. 


15. Having 
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15. Having ſcraped a piece of black horn, with a piece of glaſs, into ma- Phrsics. 
ny thin curled ſhavings, and laid a quantity of them together; I found. 
that the heap they compoſed, was white: and tho' if I laid it on a clean 

piece of white paper, its colour ſeem'd ſome what eclipſed by the greater 

whiteneſs of that body; yet if I laid it upon any thing very black, it ap- 

peared to be cf a good white. This eaſy experiment ſeems very oppoſite to Colours depend 
their dectrine, who would have colours flow from the ſubſtantial forms j,,'7., - Kew 
of bodies; and that of the chymiſts alſo, who aſcribe them to one, or bodies 
other, of the three hypoſtatical principles: for tho', in our caſe, there 

was ſo great a change made, that the ſame body, without being, ſub- 

ſtantially, either increas'd, or leſſen'd, paſſes immediately from one ex- 

treme colour to another, even from black to white ; yet this ſo great and 

ſudden change, is effefted by a ſlight mechanical tranſpoſition of parts; 

there being no falt, ſulphur, or mercury, added, or taken away ; nor 

any ſubſtantial form generated, and deſtroyed ; the effect proceeding only 

ſrom a lccal motion of the parts: which ſo vary'd their poſition, as to 

multiply their diſtinct ſurfaces, and qualify them to reflect far more light 

to the eye, than they could before they were ſcraped off from the entire 

body of the black horn. 

16. The chymiſts, we know, uſually aſſign, for the cauſe of black- 7 
neſs, the fuliginous ſteams of aduſt ſulphur; but many of the preceding Fackel con- 
experiments will abundantly confute this doctrine. If they here mean the fit. 
fumes of common ſulphur, tis proper to remind them, that fuſion, or 
ſublimation, does not turn that ſubſtance black ; but it thereby becomes 
rather more than leſs white; and, when fired, it aftords ſo little ſoot, as 
ſcarce, in any degree, to blacken white paper ; but the ſmoke of it rather 
blanches linen, and turns red roſes pale. Beſides, I have ſeen a fixed 
kind of ſulphur kept, for many weeks together, in a very violent fire, 
that did not, when cool'd, appear black, but of a true red. If, by ſul- 

hur, they mean the ſulphureous principle ; upon this ſuppoſition, torri- 
570 ſulphur ſhould afford more blackneſs, than moſt other concretes; 
wherein that principle is ſuppoſed more deficient. Yet ſpirit of wine, tho 
totally inflammable, will not, by burning, diſcolour white paper, held 
over it; and the ſmoke of our Tinby coals has been found, rather to 
blanch, than blacken linen. To theſe particulars, many others, of the 
ſame kind, might be added; but we need only look back, for further ſa- 
tisfaction, to our way of making black inks, from ſubſtances of different 
colours; for how can it be ſaid, that, when the component liquors thereof 
are put together, actually cold, and continue fo, after their mixture, 
there intervenes any new aduſtion'of ſulphur, to produce 'the emergent 
blacknefs? And when, by inſtilling a few drops of oil of vitriol, 
Ce. the blackneſs, produced in thoſe experiments, is preſently deftroy'd ; 
| if the colour proceeded only from the ſulphureous pates, torrify'd, 
4 in the black bodies, I demand, what becomes of them, when the co- 
1 lour ſo — difappears? for it cannot reaſonably be faid, that all 
1 thoſe which ſufficed to make ſo great a quantity of black matter, ſhould 
J Vor. II. H reſort 


Pitrercs. reſort to fo very ſmall a proportion of the clarifyin 
WYV luted by it, without giving it any blackneſs. And 
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g liquor, and be di- 
if it be ſaid, that the 
inſtilled liquor diſperſed thoſe black corpuſcles; I demand how that diſ- 
perſion comes to deſtroy their blackneſs, but by ſuch a local motion of 
their parts, as deftroys their former texture? This may be a matter of 
fuch moment, in caſes like ours, that I remember I have, in a few hours, 
without addition, from ſoot itſelf, obtain'd a large quantity of cryſtalline 
falt, and of a tranſparent liquor ; yet this black ſubſtance had its colour 
fo altered, by the change of its texture from the fire wherewith it was 
diſtilled, that it did, for a great while, afford ſuch plenty of very white 
exhalations, that the receiver, tho large, ſeem'd to be almoſt fill'd with 
milk. Secondly, But were it granted, as it is in ſome caſes not impro- 
bable, that bodies may receive a blackneſs from a ſooty exhalation, oc - 
caſion'd by the aduſtion of their ſulphur, or oily parts; yet this is appli- 
cable only to ſome particular bodies, and will afford us no general 
theory of blackneſs. For if, for example, white hart's-horn, included 
in veſlels well luted to each other, and expoſed to the fire, be ſaid to turn 
black, by the infection of its own ſmoke; I think I may juſtly demand, 
what makes the ſmoke, or ſoot itſelf, black, ſince no ſuch colour ap- 
peared before in the hart's-horn >? And, with the ſame reaſon, when we 
are told, that torrify'd ſulphur makes bodies black ; I deſire to be told 
alſo, why torri faction makes ſulphur itſelf black 2 Nor will there be any 
ſatisfactory reaſon aſſigned of theſe queries, without taking in thoſe in- 
telligible mechanical principles of the poſition and texture of the minute 
wn of the body, with regard to the light and the eye ; which may 
erve the turn, in many caſes, where the aduſtion of ſulphur cannot be 
pretended ; as in the apparent blackneſs of an open window, view'd at a 
a diſtance, Cc. in which, and many other caſes, formerly alledged, there 
7 — nothing requiſite to the production of blackneſs, but a prevention 
of the incident rays of light, from being plentifully enough reflected to 
the eye. In ſhort, the doctrine I here oppoſe, is pleaded for, as chy- 
miſts commonly argue about qualities; who content themſelves to ſay in 


* For the production of black, Sir Iſase] “t particles of theſe, by reaſon of their 


Newton obſerves, that © the corpuſcles of 
« the. body muſt be much leſs than any 
« of thoſe which exhibit colours. For 
« at all greater ffzes, there is too much 
light reflected, to conftiture blackneſs, 
And from hence, ſays he, may be un- 
«© derſtood, why tre, and the more ſubtile 
« diſſolver, putrefaction, by dividing the 
ha proces of ſubſtances, turn them to 
„ black; why ſmall quantities of black 
1 ſubſtances impart their colour very free- 


« very great number, eaſily overſpreadi 
oh the grad particles of — ; why laſs, 
„% ground very elaborately with ſand, on 
« a copper-plate, till it be well poliſhed, 
© makes the ſand, together with what is 
% worn off from the-glaſs and copper, be- 
“% come very black; why black ſubſtunces 
4 do ſooneſt, of all others, become hot 
in the fun's light, and burn; conſider» 
« ing the multitude of refractions in a 
6 little room, and the eaſy commotion 


* ly, and intenſely, to other ſubftances, 


to which they are applied; the minute 


4 , t 


« of ſuch very ſmall corpuſcles, &c.” See 
Newtons Optic. P+ 233. 


what 
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what ingredient of a mixed body a particular quality reſides, inſtead of 
explaining its nature. | 

SECT. III. 


Here propoſe to throw together the miſcellaneous experiments I have 


made, with relation to colours. 


I know of no way more likely to convince the generality of men, how - 9 
t a ſhare the variable texture of bodies may have, in making them ce4 by one 
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appear of differing colours, than by ſhewing how the addition of a ſingle e. 


ingredient, that either is colourleſs, or at leaſt has not any of the colours 
to be produced, is immediately able, by introducing a ſecret change of 
texture, to make the body *tis put to, appear ſometimes fo one colour, 
ſometimes of another ; according as the parts of the body wrought upon 
are diſpoſed to receive ſuch a change, as modifies the incident rays of 
light, after the manner requiſite to make them exhibit a blue, a green, a 
red, or ſome other particular colour. 

For this end, I made choice of the ſpirit of falt, as that which' is very 
_— and which, if it be not too highly reCtified, may be had clear, 
and colourleſs. With this ſpirit, I proceeded to make the following ex- 
periments, upon ſeveral bodies, whoſe diftering textures ſeem'd to fit 
them for my purpoſe. 

1. Some drops of well-coloured ſyrup of violets, being let fall together 
5 a Piece of white paper; if a third, or fourth part ſo much ſpirit 

falr be mixed with them, the ſyrup will preſently — of a red co- 
lour, uſually inclining to purple. | 

2. But if the liquor to be acted on, be otherwiſe diſpoſed, tis poſſible, 


with ſpirit of falr, to turn it from a blue colour, not to a red, but to a 


green; as I have ſometimes done, by letting fall into a deep ſolution of 
filings of copper, made with an urinous ſpirit, as that of ſal-armoniac, 
juſt as many drops of ſpirit of falt, as were requiſite to produce the 
change intended. A very fmall error, either in exceſs, or defect, may 
leave = ee = m_ or Pane it > be 2 BIS PRs 

3. n a tew 5 violets, let fall two or 
of 7 of — — 6nd or the like; and when, by mixing 
them well, the ſyrup has acquired a fine green colour; by putting to it 
a little of the 15 
ſyrup into a red. 

4. If you put a quantity of red roſe- leaves, well dried, into a glaſs vial, 
almoſt full of fair water; and, ſoon after, put to them as much ſpirit of 
falt as will make the water pretty ſharp ; you will quickly ſee, both that 
liquor, and the contained leaves, brought to a fine lovely red, which they 
will long retain. ' The like effect ſpirit of ſalt will have on ſome other 
vegetables of a ſtiptic, or of an aſtringent nature. ; 
5. Bur if, by infuſing brazil-wood in fair water, you make a tincture of 
it, which you may much deepen,by dropping into it a little ſpirit of hart's- 
horn, or of urine ; and you then 4 to it a little ſpirit of falt, it wes 

a | ently 


irit of ſalt, and ftirring it, you may turn the green 


produ- 


Jfumple 
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Parysrcs. ſently change from a deep reddiſh colour, to a colour far more pale, or 
ASVNL rather yellow; fo that the ſame ſpirit acting upon two vegetable 
tinctures, differently diſpoſed, draws out, and heightens redneſs in the 
one, and deſtroys it in the other. 

6. If you make an infuſion of true Lignum Nephriticum, in ſpring water, 
it will appear of a deep colour, like that of an orange, when you place the 
vial between the window and your eye; and of a fine deep blue, when 
you look on it with your eye placed between it and the window : but if 
you ſhake into this liquor a few drops of ſpirit of ſalt, the blue colour 
will preſently vaniſh, and appear no more, in what light ſoever you view 
the vial ; tho the liquor will ſtill retain the orange-colour. 

7. We took common writing-ink, and having let fall ſeveral drops of it 
upon * of white paper; ſo that, when it grew dry in the air, ſome 
parts of the ink lay thick, and ſome thinner, upon the paper, whereon it 
ſpread itſelf : we then put a few drops of ſtrong ſpirit of ſalt, ſome on one 
part of the black d paper, and ſome on another; and obſerved, that in 
thoſe places, where the ſpirit had been put, or to which it reached, the 
blackneſs was quite deſtroyed, and was ſucceeded by an unpleaſant kind of 
colour, that ſeem'd, for the moſt part, to participate of yellow and blue, 
neither of them good in kind. 

8. If in ſpirit of ſalt, you diſſolve filings of ſteel, and ſlowly evaporate 
the filtred ſolution, it will ſhoot into a kind of Vitriolum Martis, which ap- 
pears green, as well as that which chymiſts vulgarly make with oil of 
vitriol. And if you take theſe cryſtals, made with ſpirit of ſalt, and, 
when they are ary, keep them in a crucible; you will find, that even a 
moderate fire, if duly apply'd, will make them, in a ſhort time, ex- 
change their green colour for a red, like that of the finer fort of Crocus 
Martis : as, indeed, this operation makes them referable to that fort of 
medicine. 

9. We took ſome mercury, precipitated per ſe ; and tho*crude mercury is 
not, as far as I have tried, Hub e in our Eugliſb ſpirit of ſalt; yet this 

red precipitate readily diſſolved in that liquor, without at all impart- 
ing its own (our to it. I alſo found, that red lead, being boil'd a 
While in good ſpirit of. falt, the redneſs totally diſappear d. So that the 
fame agent which -produces redneſs. in feveral bodies, in aur two caſes 
quite aboliſh'd it. Thus alſo, the reddeſt coral being diſſolved in our 
menſtruum, the redneſs vaniſhes, and the ſolution appears colourleſs. 

10. Take ſmall filings of copper, and having poured thereon good ſpirit 
of falt, till it ſwim, about two fingers breadth over them; keep the vial in 
a pretty ſtrong ſand- heat, till you perceive the menſtruum has diſſolved a 
competent part of the metal: then warily take out the vial, and holding 

it between your eye and the light, you will perceive the ſolution of copper 
to be of a dark and troubled colour, often inclining to a deep, but 
muddy rel. | 
II. But if you pour this ſolution intoa wide-mouth'd glaſs, and let it ſtand 
For a competent time, the expoſed liquor will appear of a green, much 
finer than that of the cryſtals of iron. FE Take 
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12. Take the clear limpid folution of filyer, or of mercury, made in Aqua Pursics: 
fortis, and drop upon it ſome 0 of Talt ; and you will find the clear 


liquor turn'd white as milk, which, after a while, will let fall a presipi- 


tate of the ſame colour, 
13. And if, inſtead of a ſolution of ſilyer, or quick-filver, you take a red 


ſolution, or tincture, of benjamin, or of the reſinous part of jalap root; 
you'll alſo have, upen the affuſion of ſpirit of ſalt, a white liquor, and a 
precipitate of the ſame colour. 

14. Being deſirous to produce two differing colours at once, by the ſame 
affuſion of ſpirit of ſalt; I infuſed ſome dry'd red roſe-leaves in fair 
water, till it had acquired a deep colour from them : to this infuſion, 
poured off warily, that it migt be clear, I added a conſiderable propor- 
tion of the ſweet liquor, made by digeſting ſpirit of vinegar upon red. 
lead ; by which I knew 'rwould be turn'd of a bluiſh green. Upon this 
almoſt opake liquor, I pour d ſpirit of ſalt, which precipitated the lead: 
that had been diſſolved in the tweet liquor, into a very white. powder, 
and gave the remaining liquor, well impregnated with. particles of the 
roſe-leaves, a very fine and durable ſcarlet colour. And if the experi- 
ment be well made, you may barely, by ſhaking together, and confound- 
ing the white powder with the red liquor, make a carnation-colour, 
which will appear very fine and lovely, whilſt it laſts ; but, in no long 
time, the two ſubſtances that compoſe it, ſeparate, by. degrees, and ap- 
pear each in its former place and colour. 

15. We took ſome ſpirit of ſalt, that, having laid. long upon filings of 
copper, had loſt the muddy tincture it firſt acquired, by being almoſt- 
boil'd upon them. This liquor, that look'd like common water, we 
pour'd into a ſmall wide-mouth'd cryſtal glaſs, and — it in a win 
dow, it appeared, in farty minutes, to have acquired a colour, much like 
that of a German amethyſt; and. ſeem'd to have no tendency to greenneſs. 
Burt in about three hours time, it appear'd of a lovely green. 

16. Precipitate a ſtrong ſolution — ſublimate made in fair water, with a 
fufficient quantity of oil of tartar, per deliquium ; put the liquor and powder 
into a filtre of cap-paper, and when the water is run thorough, the pre- 
cipitate will remain in the filtre ; which is to be ſlowly dry d. Then take. 
it out of the filtre, in the form of a groſs powder, and having put it into 
a clear glaſs, let fall on it, warily, ſome — of ſtrong ſpirit of ſalt; 
and, during the conflict that will be made, the little lumps of the pre- 
cipitate will loſe all their former brick-duſt colour, and turn white; tho 
afterwards they will appear diſſolved into a tranſparent liquor, wherein 
the orange - colour is quite. aboliſhed. 

17. Having calcined copper, without any addition, but of fire and water; 
we took a quantity of it, and having poured thereon about three or four- 
times its quantity of good ſpirit of ſalt, we obtain'd a muddy reddiſh. 
liquor, and a white powder, whoſe quantity bere a conſiderable. pro- 
portion to the part that was diſſolved; in which part itſelf, by, the affu- 
ſion of common water, and the action of the air, we afterwards pro- 
duced more than one change of colour. | We 
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Pnrsics. 18. We ſometimes took a ſpoonful of the dark brown, or ſomewhat 
e reddiſh ſolution of copper ; and having put it into a cylindrical vial, that 

the change of colour might appear the better, we poured on it two or 
three ſpoons- ful of highly rectify*d vinous ſpirit; and giving the glaſs a 
ſhake, to mingle them, we preſently had a lovely green liquor; which, 
when well ſettled, was very fair, and took'd as if it were a liquid 
emerald.' © K „nn To Hiiqt h 40 15995 10 . 
19. Having moiſten'd a ſmall part of ſome green taffaty-ribband, twice 
or thrice, with good ſpirit of ſalt, we ſufter'd it to dry of itſelf, which it 
did in a ſhort time; and then found, that the part wetted was no longer 
of a green, but a blue colour. The ſame ſpirit preſently turn'd that part 
of a piece of black ribband, upon which we put two or three drops of 
it, to a colour not unlike what is call'd Fueille-morte. 4! 1 
20. Tis uſual to ſee books covered with paper, that looks ſometimes of 
a greeniſh blue colour, bordering upon purple; and fometimes upon that 
of violets. The deeper coloured paper of this ſort, I have ſeveral times 
held in one hand, and with the other lightly touched it here and there 
with the end of 4 feather, dipped in ſpirit of falt; which almoſt in the 
twinkling of an eye, dy'd-the touched parts of the paper of a lovely red, 
that would ſometimes long continue very vivid. And if, inſtead of a 
feather, I uſed a bruſh, dipt in the ſaline ſpirit, and made many 
drops at once fall upon the paper; twas pleaſant to ſee how ſuddenly 
it would be ſpeckled. ange BY | | 
21. Upon well-powdered antimony, we pour d. three or four times its 
wel of good ſpirit of ſalt; and cauſed it to be boiled in this liquor, 
in a glaſs veſſel, wherein a part of it was diſſolved, and taken up into 
the menſtruum ; when the antimony quite loft its blackneſs. And this ſpi- 
Tit of ſalt, thus impregnated, being dropped into fair water, the black 
mineral immediately ſubſided, in the form of a very white powder or pre- 
cipitate. | 6.144 2146 

— by the way, it were not amiſs, if phyſicians, chymiſts, Cc. 
who compound drugs, or other ingredients, would be leis forward 
than they uſually are, to jumble ſeveral of them together either unne- 
ceſſarily, or without a due regard to their qualities, in reſpect of one 
another. For moſt of us are but too liable to be miſtaken, when we 
preſume before-hand to fay what changes the coalition, or other aſſocia- 
tions of differing bodies ſhall produce; eſpecially if they be either ſaline, 
or plentifully partake of a ſaline nature: ſince experience frequently 
ſhews, that by the action and re- action conſequent upon untry'd ways of 
compoſition, there ariſe in the mixture new and unlook'd-for conſiſtences 
and other qualities or accidents. And tho' it may ſometimes * 
that theſe new qualities ſhall prove advantageous, yet this may well be 
look d upon but as a lucky chance; and it may ſtill be juſtly fear d, 
that, ordinarily, ſuch accidental qualities of a medicine will prove to be 
either worſe than were expected, or at leaſt different from what was de- 
ſign'd, and conſequently leſs fit for the phyſicians or the artiſts purpoſe. 
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1. Ofb.11. About ten in the morning, the weather being ſun-ſhiny, we Phrsics. 
tock ſeveral ſorts of ftain'd paper, ſome of one colour, and ſome of another, 
and in a darkned room, whole window look'd ſouthward, we with them e 
caſt the beams that enter'd at a hole about three inches and a half in diame- ld . 
ter, upon a white wall that ſtood on one ſide, about five foot diſtance from 
them. The white gave much the brighteſt reflection. The green, red, 
and blue being compared together, the red gave much the ſtrongeſt re- 
flection, and manifeſtly threw its colour upon the wall; the green and 
blue were ſcarce diſcernible by their colours, and ſeem'd to refle& an al- 
moſt equal light. The yellow, compared with the two laſt, reflected ſome- 
what more light. The red and purple being compared together, the former 
manifeſtly reflected much more light than the latter. The blue and purple 
compared together, the former ſeem'd to reflect ſomewhat the more 
light, tho' the purple colour was moſt viſible. A ſheet of very well ſleek'd 
marbled paper being apply d as the others, did not caſt any of its diſtinct 
colours upon the wall, nor throw its light with an equal diffuſion thereon ; 
but ſent the beams unſtain'd and bright to particular parts thereof, as if 
its poliſh had given it the nature of a ſpeculum. But comparing it with a 
ſheer of white paper, we found the reflection of the latter to be much the 
ſtronger; this diffuſing almoſt as much light to a conſiderable extent, as 
the marble paper did to one part of the wall. The green and purple left 
us ſomewhat in ſuſpence which reflected the moſt light ; only the purple 
— to have ſome little advantage over the green, which was dark in 
its kind. | | 
2. Though a darken'd room be generally thought requiſite to make the 
colour of one body appear by reflection from another that is not ſuppoſed: 
to act as a ſpeculum ; yet I have often obſerv d, that when I wore waſt- 
coats lined with ſilk that was very gloſſy and vividly colour'd, but 
eſpecially if red, I could in an enlighten'd room plainly diſcern the colour: 
upon the pure linen that came out at my ſleeve; as if that fine white body 
5 =_ of a mirror than colour'd and unpoliſh'd bodies are uſually 
uppoſed. 
nns ſtain'd ſheets of paper, ſometimes one, and ſometimes ano- 
ther, before the hole of the window in the darken'd room, betwixt the 
fun and the eye, with the colour'd ſides obverted to the fun, we found 
them ſingly to be ſomewhat tranſparent, and to appear of the ſame colour 
as before, only a little alter d by the great light they were placed in: but 
applying two of them one over another to the hole, the colours were com- 
pounded as follows. The blue and yellow ſcarce exhibited any thing but 
a darker: yellow, 'wiych we aſcribed to the coarſeneſs of the blue paper, 
and its darkneſs in its kind. For applying the blue parts of the marbled 
paper with the yellow paper after the ſame manner, they exhibited a 
ood green. The yellow and red look'd upon together, gave us but a 
ark red, a little inclining to an orange-colour. The purple and red 
view'd together, appear d more deeply ſcarlet, The purple and yellow 
made an orange. The green and red made a dark orange-tawny. The 
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Parsrcs. green and purple made the purple — more dirty. The blue and 
purple made the purple more delightful, and far more deep. The red 
parts of the marbled paper view d with the yellow, appear'd of a red, far 
more like ſcarlet, than without it. But the ſineneſs or coarſeneſs of the 
per, its being carefully or {lightly colour'd, with many other circum- 
nces, may ſo vary the events of ſuch experiments, that they ought to be 
carefully repeated, before any concluſion is drawn from them. 

4. The triangular priſmatic.glaſs being a very commodious inſtrument 
to ſhew the nature of colours, πe thought proper to obſerve the ſeveral 
reflections and refractions whichtherays of light undergo in falling upon 
or paſſing through it. And this weJighagmed might be beſt done, not in 

an ordinary enlighten d room, where even the curious have left particulars 
unregarded; but in a darken'd one, where, by placing the glaſs in a 
convenient poſture, the various reflections and refractions may be diſtinct- 
ly obſerv'd ; and where it may appear what rays are untinged, and which 
they are that paint upon the bodies whereby they are ſtopt, either the 
—— or ſecondary iris. In purſuance hereof, we obſerv'd in a dar- 

n'd room four reflections and three refractions, that were afforded us 
by the ſame priſm. And notwithſtanding the rules of catoptrics and diop- 
trics, we thought it would not be amifs to find, by covering ſometimes one 
part of the priſm, and ſometimes another, and obſerving where the light 
or colour vaniſhed thereon, by which reflection and by which refraction 
each of the ſeveral places where the light falling, or paſſing through the 
priſm, and appearing either pure or ting'd, gave the phenomena. Burt be- 
cauſe theſe and other particulars which we obſerv'd, would be tedious, 
and not ſo intelligible to deliver in words, I refer to the ſcheme, where 


all of them may be taken in at one view. 

PPP an equilatero-triangular cryſtalline priſm, ene of whoſe edges P 
is placed next the ſun. "0 | 

AB and « g, two rays from the ſun falling on the priſm, at B g; 
and thence partly reflected towards C and 5, and partly refracted 
towards D and 9. 

B C and g , thoſe reflected rays. | 

B D and g , thoſe refrated rays, which are again pow refracted 
towards E and , and there repreſent an iris 12345, denoting the five 
ſucceeding colours, red, yellow, green, blue, and purple, and part- 

Il reflected towards F and C. | 

D and F, and 7, thoſe reflected rays, which are partly refracted to- 
wards G and u colourleſs, and partly reflected towards H and 8. | 

FH and 7 9, thoſe reflected rays, which are refracted towards Land /, 
and there repreſent another fainter iris; the colours of which are con- 
trary to the former 54321, ſignifying e, blue, green, yellow, 
red; ſo that the priſm in this poſture repreſents four rain- bow s. 


5. We obſerw d in a room not darken'd, that the priſmatic iris might be 


reflected, without loſing any of its ſeveral colours, not only from a 22 
| looking- 
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lours, as reflection. For by the help of a large double-convex glaſs, thro 
which we refracted the ſun's rays, we found that thoꝰ one part of the iris 
might be made to appear either beyond or on this ſide of the other parts 
thereof; yet the ſame vivid colours would appear in the diſorder d part 
as in the other. And by covering that ſide of the priſm obverted to the 
ſun, with an opake body, wherein only one ſmall hole was left for the 
light to paſs thro', having reduced the 2 iris, caſt upon white pa- 
per, into a very narrow compaſs, and view d it thro' a microſcope, the 
colours appear d the ſame, as to kind, they did to the naked eye. 

6. It may afford matter of ſpeculation, that as the colours of out- 
ward objects brought into a darken'd room, ſo greatly depend, in their 
viſibility, upon the dimneſs of the light they are there beheld by, that the 
ordinary light of the day being freely let in upon them, they immediately 
diſappear; ſo our experiments have ſhewn, that as to the priſmatic iris, 
painted on the floor by the beams of the ſun paſſing thro” a triangular 

laſs, tho the colours of it appear very vivid, even at noon-day and in 
un-ſhiny weather, yet by a more powerful light they may be made to diſ- 
appear. For having ſometimes taken a large metalline concave ſpeculum, 
and therewith caſt the converging beams of the ſun upon a priſmatic iris, 
which I had cauſed to be projected upon the floor; I found that the over- 
werful light made the colours of the iris vaniſh : and if the light were 

o reflected as to croſs but the middle of the iris, the colours in that part 


*The more general phenomena of the 
priſm, as obſery'd by the illuftrious Sir /. 
Newton, are, in ſhort, as follow. 

1. The rays of light paſſing thro' the 
priſm, paint an image of various colours 
on the oppoſite wall ; the principal where- 
of are mam yellow, „blue, and violet. 

2. This im is not round, but the 
angle of the priſm being of 60 or 65 de- 
— about ſive times longer than tis 

road; the reaſon whereof was unknown, 
till Sir I. Newton found it owing to the 
difterent refrangibility of the rays. See 
Philoſ. Tranſact. Ne $0. 

The rays which exhibit the yellow 
colour, are turn'd more out of their ftrait 
courſe, than thoſe which make the red; 
thoſe which make the green, more than 
thoſe which make the yellow, Sc. and 
thoſe which make the violet, moſt of all. 

4. If the priſm thro which the rays are 
2 be * _ its axis, ſo 

t the red rays, the yellow, the green, 
2 8 thro' a fall hole, i 

OL, | 


in order, 


only 


upon another priſm, placed about twelve 
feet from the former, and be thrown to 
another part of the room, the yellow 
rays, for inſtance, tho they fall in the 
ſame manner upon the ſecond priſm with 
the red, yet will not be thrown to the 
ſame place, but beyond them. And if at 
the place of the ſecond priſm, they be 
collected by a lens, the yellow rays, the 
| Sc. will each in their order, be 
thrown to a focus at a ſhorter diſtance 
than the red. 

5. The colours of the coloured ra 
when well ſeparated, can neither be 
ſtroy d, nor in any manner changed by 
new refractions. 

6. The colours of the coloured rays re- 
main unchanged in paſſing thro an en- 
lighten d ſpace, in mutually crofling each 

er, in the confine of ſhadow, and in 
being reflected from any natural bodies in 
a place otherwiſe dark. 

7. All the coloured rays collected to- 


gether by ſereralpriſus, by « gla6 lens, 


looking-glaſs, and from the ſmooth ſurface of fair water, but alſo from a Phrercs. 
concave looking-glaſs ; and that refraction did as little deſtroy thoſe co- YFWNY 


53 


Experiments and Obſervations 


Paysres. only became inviſible; thoſe parts of the iris that were on the right hand 
ud on the left of the reflected light, continuing to exhibit the ſame co- 


Object᷑s view'd 
in different 
Kinds of light, 


lours as before. 
- 7. I have ſometimes thought it worth while to take notice, whether the 
colours of opake bodies might not appear to the eye ſomewhat diverſify'd, 
as well by the nature of the lucid body that ſhines upon them, as by the 
diſpoſition of the ſuperficial parts of the bodies themſelves, and the poſi- 
tion of the eye with regard to the obje& and- the light : I have obſerv'd a 
manifeſt difference in ſome kinds of colour'd bodies view'd by day-light, 
and afterwards by the light of the moon. Several ſheets of the colour'd 
2 that had been view'd in the ſun-ſhine, being look d upon at night 
y the light of a pretty large candle, the changes obſerv'd therein were 
theſe. The yellow ſeem'd much fainter than in the day, and inclinable to 
a pale ſtraw- colour. The red ſeem'd little chang'd, but reflected light 
more ſtrongly than the other colours. A fair deep green look'd upon by 
itſelf, ſeem'd to be a dark blue; but Fiew'd — 2 with a dark blue, 
appear'd —— and compared with a yellow, appear d more blue than 
at firſt. The blue look d more like a deep urple or murrey, than it had 
done in the day- light. The purple ſeem very little alter d. The red 
compared with the yellow, made the latter look almoſt like brown cap- 
aper. 
1 8. But to ſatisfy ourſelves whether the light of the candle were not 
unſincere, or ting d with a yellow colour by its fuel; we took a pretty 
thick cylinder of deep blue glaſs, and viewing the flame of the can- 
dle at a convenient diſtance thro” it, we perceiv'd it to look green, 
which is the colour that emerges from the compoſition of opake bodies, 
one of them ſeparately blue, and the other yellow. And this perhaps may 


or a concave ſpeculum, or by any other { together, and laid thick upon ſome minute 
way whatever, make white : and being body, this body will appear double thro' a 
again ſeparated after this union, every | priſm, and of two colours, red and blue. 
one exhibits its own colour. bee k. Annot. in Robault. Ed. 3. p. 199. 
8. If the fun's rays fall upon the inter- We are farther to conſider, that by o- 
nal ſurface of the priſm in the moſt ob- | ther means, light is found to be a body 
lique manner that any Tayscan poſſibly be | propagated in right lines; and that it 
tranſmitted, thoſe reflected will d be violet, | ſpends about ſeven or eight minutes in 
and thoſe tranſmitted, red. paſſing from the ſun to the earth. © This 


- 9. All natural bodies, eſpecially white | ** was firſt obſerved by Mr. Roemer, by 


ones, view'd thro a priſm, appear on the | means of the eclipſes of the ſatellites 
one hand fringed with red and yellow ; | © of Fupiter. For theſe eclipſes, when 
but with violet and blue on the other. « the earth is between the fun and Jupi- 

10. Two priſms being placed together, | © ter, ha about ſeven or eight mi- 
ſo that the red of the one and purple of | © nutes ſooner than they ought to do by 
the other may unite upon a convenient | © the tables; and when the earth is be- 
paper in the dark, the image will appear ! yond the ſun, the about ſeven 
pale; and being view d thro a third prifin, | © or eight minutes fates than they ought 
— at a due diſtance from the eye, it | to do: the light of the ſatellices having 
Will appear as two objects, red and purple. | © farther to go in the latter caſe than in 

11. In like manner, if two powders, a | © the former, by the diameter of the 
perfect red and a perfe& blue, be mird 1 © earth's orbit.” Newton, Optic. p a56 
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be the chief reaſon why a ſheet of very white paper, view'd by candle- light, 
is not eaſily, at firſt, diſtinguiſhed from a light yellow, or lemmon-colour ; 
white bodies, as we formerly obſerved, being more of a ſpecular nature, 
becauſe tho, when unpoliſhed, they exhibit not the ſhape of the luminary 
that ſhines on them; yet they reflect its light more ſincere and undiſturbed, 
by either ſhades or refractions, than bodies of other colours do. 

9. We took a piece of leaf-gold, and with the edge of a knife, 
lightly moiſten'd, laid upon the * of the gold, we ſo faften'd it there- 
to, that it continued extended, like a little flag ; which, being held 
very near the eye, and obverted to the light, appear'd ſo full of pores, 
that it ſeem'd to have ſuch a kind of tranſparency, as that of a ſieve ; 
bur the light which paſſed thro' theſe pores was in its paſſage ſo tem- 
per'd with ſhade, and modify'd, that the eye diſcerned no more a 
golden colour, but a greeniſh blue. And, for further ſatisfaction, we, 
in the night, look'd upon a candle, thro' ſuch a leaf of gold; and, by 
trying the effect of ſeveral proportions of diſtance betwixt the leaf, the 
eye, and the light, we quickly hit upon ſuch a poſition for the gold, 
wherein the flame, view'd thro” the leaf, appeared of a greeniſh blue, as 
in the day-time, But the like experiment, try'd with a leaf of ſilver, did 
not ſucceed. | 
10. Druggiſts have a wood they call Lignum Nephriticum ; becauſe 
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the inhabitants of the country where it grows, uſe the infuſion of it, of Lignum Ne- 


made in fair water, againſt the ſtone in the kidneys: and, indeed, an 


phriticum. 


eminent phyſician of my acquaintance, who has very particularly en- 


uired into that diſeaſe, aſſures me, he found ſuch an infuſion one of 


the moſt effectual remedies he ever try'd, againſt that formidable diſeaſe. 
The moſt ancient account I have met with of this ſimple, is given us 
by Monardes, who ſays, © We have a thick, ſmooth kind of wood, 
brought us from New Spain, which has long been uſed in the diſ- 
© eaſes of the kidneys and urinary paſſages. To prepare a medicine 
© from it, we ſteep its ſhavings in clear water, and there ſuffer them 


© to remain, till the whole liquor is drank up; but when it has thus 


* ftocd for half an hour, the water appears of a blue colour, which 
gradually increaſes, the longer the infuſion is continu'd ; tho' the wood 
* nſelf be white.” This wood will afford us an experiment, which, be- 
| ſides the ſingularity of it, may greatly aſſiſt to diſcover the nature of co- 
lours. The experiment, as we made it, is this. Take a handful of the 
thin ſlices of Lignum Nephriticum, and put them into two, three, or four 
pound of the pureſt ſpring- water; let them infuſe there for a night, tho” 
a much ſhorter time may ſuffice ; decant the impregnated water into a 
clear glaſs vial ; and - 1 you then _ it directly between 2 dei and 
your eye, you will ſee it tinged, (excepting the very top of the liquor, 
where a sky- coloured circle — mes ap — of — almoſt golden colour, 
if the infuſion be not made too ſtrong of the wood ; for, in that caſe, it 
will, againſt the light, appear ſomewhat dark and reddiſh, and requires 
to be diluted by the addition of * But if you hold it _ _ 
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Pursrcs. light, ſo that your eye be placed betwixt that and the vial, the liquor 
ill appear of a dee — blue colour; as will alſo the drops, if any 
lie on the outſide of the glaſs. 
And thus far we have try'd the experiment, and found it to ſucceed, 
even by candle-light. But if you hold the vial over-againſt your eye, ſo 
that it may have a window on one fide, and a dark part of the room 
before it, and on the other fide; you will find the liquor, partly of a 
bluiſh, and partly of a golden colour. And if, turning your back towards 
the window, you pour out ſome of the liquor towards the light, and to- 
wards your eye; it will ſeem, upon coming out of the glaſs, to be 
perfectly blue; but when it is fallen down a little way, the drops may 
appear party-colour'd, according as the rays of light more or leſs fully 
penetrate, and illumine them. If you take a baſon, about half full of 
water, and having placed it ſo in the ſun-beams, that one part of the 
water may be illumined thereby, and the other part of ir darken'd by 
the ſhadow of the brims of the baſon ; and then drop of our tincture, 
made ſomewhat ſtrong, both into the ſhaded and illuminated parts of the 
water, you may, by viewing it from ſeveral places, and by a little agi- 
tation of the water, obſerve many pleaſing phenomena. If a little of 
this tincture be poured upon a ſheet of white paper, ſo that the liquor 
may remain of ſome depth upon it, you will perceive the adjacent drops 
to be partly of one colour, and partly of another, according to the 2 1 
tion of your eye, with regard to the light: but if you pour off all the 
liquor, the paper will ſeem dy d almoſt of a yellow colour. And if a ſheer 
of paper, with ſome of this liquor on it, be placed in a window, where 
the ſun-beams may come freely to it; then, if you turn your back to the 
fun, and take a pen, or ſome ſuch ſlender body, and hold it a-thwart, 
betwixt the ſun and the liquor, you may perceive, that the ſhadow pro- 
jected by the pen, upon the liquor, will not, all of it, be a common dark 
ſhadow, buf, in part, curiouſly coloured ; that edge of it next the body, 
which makes it, being almoſt of a lively golden colour; and the remoter 
verge of a blue one. Theſe, and other phenomena, which I have ob- 
ſerved in this delightful experiment, many of my friends have beheld with 
wonder. And I remember an excellent oculift, finding, by accident, a 
vial full of this liquor, and having never heard of the experiment, con- 
tinued apprehenſive, upon viewing it for a long time, that ſome ſtrange 
new diſtemper had invaded his eyes. And, I confeſs, the oddneſs of the phe- 
nomena made me very ſollicitous to find out the cauſe thereof. But tho” 
I am far from pretending to have diſcovered it; yet my inquiries have 
enabled me to give ſome conſiderable hints about it. In the firſt place, 
then, obſerving that this tincture, if it were too deep, kept the colours 
from being ſo lively, and their change from being © ifcernible ; and 
finding alſo, that the impregnating virtue of this wood did, by being fre- 
quently infuſed in freſh water, gradually decay, I conjectured, that the 
tincture afforded by the wood, muſt proceed from ſome ſubtile parts, 
drawn out by the water; which, ſwimming about therein, ſo 8 
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the light, as to exhibit particular colours. And becauſe theſe ſubtile 
parts were ſo eaſily ſoluble, even in cold water, I concluded, that th 
muſt abound with ſalts, and perhaps contain much of the eſſential ſalt of 
the wood. And, to try whether theſe ſubtile parts were volatile enough 
to be diſtilled, without diſſolving their texture, I carefully ſubmitted ſome 
of the tinged liquor, in very low veſſels, to the gentle heat of a lamp- 
furnace; but found all that came over, to be as limpid and colourleſs as 
rock-water : whilſt the liquor remaining behind, was of ſuch a deep 
blue, that it muſt be oppoſed to a very ſtrong light, to appear of any 
other colour. I took, likewiſe, a vial, A's with ſpirit of wine, and a 
little ſalt of hart's-horn, and found, that there was a certain proportion 
to be met with, betwixt that liquor, and the ſalt, which render d the 
mixture fit to exhibit ſome little variety of colours, not obſervable in or- 
dinary liquors, as it was variouſly ſituated, with regard to the light and 
the eye: but this change of colour came very far ſhort of that we had 
admired in our tincture. However, I ſuſpected that the tinging particles 
abounded with falts, whoſe texture, and the colour thence ariſing, 
would probably be altered by piercing acids; and pouring into a ſmall 
vial of the impregnated water a very little ſpirit of vinegar, I found, that 
the blue colour immediately vaniſhed, while the golden one remained : 
and which way ſoever I turn'd the vial, either to, or from the light, I 
found the liquor conſtantly appear'd of a yellowiſh colour, and no other. 
Upon this, i imagin'd, that the acid ſalts of the vinegar, having been 
able to deprive the liquor of its blue colour, a ſulphureous ſalt, which is 
of a contrary nature, would mortify the ſaline parts of the vinegar, and 
deſtroy their effefts. And, accordingly, having placed myſelf betwixt the 
window and the vial, and let fall into the ſame liquor a few drops of oil 


of tartar, per deliquium ; I found, that immediately upon the diffuſion of 


this liquor, the impregnated water was reſtored to its former blue colour. 
And this oil of tartar, being very ponderous, and falling directly to the 
bottom of the vial ; it was eaſy to obſerve, that for a little while the lower 
part of the liquor appeared of a deep blue, whilſt all the upper part re- 
tained its — owneſs; which it immediately loſt, as ſoon as the oil 
of tartar was diffuſed thro? the whole: and the liquor thus reſtored, being 
view'd, either againſt, or from the light, exhibited the fame phenomena 
with the tinged water, before the adyentitious fluids were poured into it. 
Kircher ſpeaks of this. nephritic wood, in the following manner : 
W white Mexican wood, and tho, generally, ſuppoſed to com- 
** municate only a blue colour to water; yet we have found, by re- 
_ peated experiments, that twill turn it into all kinds of colours. The 
3 tree itſelf, tis ſaid, commonly grows to a large ſize, with a thick even 
„ trunk, like a pear-tree, leaves reſembling thoſe of rue, and ſmall ob- 
long yellow flowers, growing in cluſters. The plant is cold and moiſt, 
and nearly of a middle x temper. 'The wood of this. tree, made into a 
4 Cup, turns the water put into it, firſt of a perfe& blue colour, like the 
- bugloſs-flower ; and the longer it ſtands herein, the deeper the colour 


grows. 
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* grows. But if this colour'd water be put into a glaſs globe, and ex- 


A poſed to the light, there will not appear the leaſt ſign of blueneſs there- 


*in; but the liquor will be clear and limpid, like pure water. Yet if 
te this globe of glaſs be turn'd to a more ſhady place, the whole liquor 
« will appear of a pleaſant green; and if to a place ſtill more ſhaded, 
« of a reddiſh colour. And thus *twill change its hue, according to the 
objects whereto tis expoſed. But, after being placed in the dark, 
ce *twill regain its own blue caft.” In this account, I obſerve the fol- 
lowing particulars : Firſt, the author calls it a white Mexican wood; 
tho', not to mention that Monardes ſays, tis brought from New Spain, 
the wood that we have met with, and employ'd as Lignum Nephriticum, 
was not white, but, for the moſt part, of a dark colour, not unlike that 
of the ſadder-colour'd wood of juniper. Tis true, Monardes ſays, that 
the wood is white; and it is alſo affirmed, that what is of a ſadder co- 
lour, is adulterated, by being imbued with the tincture of a vegetable. 
But having enquired of the moſt eminent of our Engliſh druggiſts, he 
peremptorily deny d it. And, indeed, having conſidered ſome of the fair- 
eft round pieces of this wood, that I could procure, I took notice, in one 
or two of them, that twas the external part only that appeared white, 
whilſt the more internal part was of the other colour; the contrary 
whereto would, probably, have appeared, if the wood had been adul- 
terated after the manner juſt mentioned. And I have, at preſent, by me, 
a piece of ſuch wood, which, for about an inch next the wars is white, 
and then ſuddenly paſſes to the above-ſaid colour: and yet this wood, 
by the tincture it affords in water, feems to have its colour'd part ge- 
nuine ; for the white part appears, upon trial, to be much leſs endow'd 
with the tinging property. | 
Next, our author tells us, that the infuſion of this wood expos'd in a 
ſpherical vial to the light, looks like ſpring- water; and adds, that there 
is no tincture to be ſeen in it: but herein our obſervation and his do not 
; for the liquor, which oppos'd to the darker part of a room ex- 
hibits a sky-colour, did conſtantly with us, when held againſt the light, 
appear yellowiſh or reddiſh, according as its tincture was more or leſs 
deep. that if there be no miſtake in the caſe, his white nephritic 
wood, and the ſadder-colour'd one, which we employ'd, were not of the 
ſame nature. What he mentions of the cup made of this wood, we have 
not try'd ; but as for what he ſays, that this wood tinges the water with 
all forts of colours, that is much more than any of thoſe pieces we have 
hitherto employ'd was able to do : the change of colours diſcernible in a 
vial full of water impregnated by any of them, and directed towards a 
place more light or obſcure, being A from aftording any ſuch variety. 
And as for what he tells us, that in the dark this infuſion will reſume a 
blue colour, I wiſh he had inform'd us how he try d it. But having ſome- 
times brought a round long-neck*d vial fill'd with the tincture of this wood 
into the darken'd room already often mention'd, and holding it ſometimes 
near the ſun-beams that enter d at the hole, and ſometimes partly in _ 
a 
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and partly out of them ; varying alſo the poſition of the glaſs, and view- 
ing it from ſeveral parts of the room, it diſclos d a much greater varie 

colours, than it does in an ordinary enlighten'd room: for beſides the 
uſual ones, it exhibited a red in ſome parts, and a green in others; with 
intermediate colours produced by the different degrees and odd mixtures 
of light and ſhade. . | 

*Tis ſurprizing in this experiment, that the blue tincture may be 
deftroy'd or reſtor'd, whilſt the yellowiſh or reddiſh one continues as 
it was. That ſalts are of a conſiderable uſe in ſtriking colours, the 
many experiments which the dyers trade affords us, will ſhew: and as 
far as we have hitherto try'd, thoſe liquors, in general, which great- 
ly abound in acid falts, have the power of deſtroying the blue colour 
in this infuſion ; as thoſe that abound in ſulphureous ones, have the virtue 
to reſtore it. And by the way, this obſervation hints to us a new and 
eaſy method of diſcovering in many liquors whether it be an acid or a ſul- 
phureous ſalt that is predominant. That ſuch a diſcovery is often very 
difficult, and may frequently be of great uſe, he who is no ſtranger to 
the various properties and effects of ſalts, and knows of how great moment 
it is to be able to diſtinguiſh their tribes, will readily conceive. 
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To find whether 


Now ſuppoſe I would try whether alum, tho! it be plainly a mix'd body, I #*2 whe 


abounds rather with an acid than a ſulphureous falt, I turn my back to ſu 
the light, and holding a ſmall vial full of the tincture of Lignum Nephriti- A, 


cum in my hand, which view'd in that poſition appears blue ; then drop- 
ping into it a little of a ſtrong ſolution of alum made in fair water, and 
nding upon the affuſion and ſhaking of the whole, that the blueneſs for- 
merly conſpicuous in our tincture preſently vaniſhes, I am thereby in- 
duced to ſuppoſe, that the ſalt predominant in alum is acid. But if, 
on the other hand, I would examine, whether ſalt of urine, or of hart's- 
horn, is rather of a falino-ſulphureous, than of an acid nature ; I dro 
a little of the ſaline ſpirit of either, into the nephritic tincture; an 
finding that the blue colour is thereby rather deepened than deſtroyed, I 
collect, that the ſalts which conſtitute theſe ſpirits, are rather ſulphu- 
reous than acid. And, to ſatisfy myſelf yet farther in this particular, I 
take a ſmall vial of freſh tincture, and placing both it and myſelf, with 
regard to the light, as before; I drop into the infuſion juſt as much di- 


4 liquor, 


ſtilled vinegar, or other acid liquor, as will ſerve to deprive it of its 


blueneſs ; then, without changing my poſture, I drop, and ſhake into the 
ſame vial, a ſmall proportion of ſpirit of hart's-horn, or urine : and 
finding, upon this, the tincture immediately to recover its blue colour, I am 
thereby confirmed in my opinion of the ſulphureous nature of theſe ſalts. 
It is much doubted to what ſort of ſalt that which is predominant in 
quick-lime belongs; but we have been perſuaded to refer it rather to the 
lxiviate, than acid kind, by obſerving, that tho* an evaporated infuſion 
of it will ſcarce yield ſuch a ſalt as aſhes, and other alkaline bodies do; 
yet if we deprive our nephritic tincture of its blueneſs, by juſt ſo much 
diſtilled vinegar as is requiſite to make that colour vaniſh ; the — 
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us ſalt 
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Pursics. of quick-lime will, immediately, upon its aſtuſion, recall the baniſhed 


; colotys 


colour, tho not ſo powerfully as either of the ſulphureous liquors, 
formerly mentioned. And I gueſs at the ftrength of the liquors, thus 
examined, by the quantity of them ; which is ſufficient to deſtroy, or 
reſtore the blue colour of our tinfture. But whether as to liquors, 
wherein neither acid nor alkaline ſalts are eminently predominant, our 
tincture will enable us to conjeCture any thing more, than that ſuch ſalts 
do not abound in them, I leave to further trial; for I find not, that ſpi- 
rit of wine, {ſpirit of tartar, freed from acidity, or chymical oil of turpen- 
tine, have any remarkable power to deprive our tincture of its blue colour, 
or to reſtore it, when, upon the affuſion of vinegar, it has diſappeared. 

11. We may alſo ſee in a mineral body, ſomething very near of kin to 


obſerved in the the changeable quality of the tincture of Lignum Nephriticum ; for I 


me 
glaſs, 


have ſeveral flat pieces of glaſs of the thickneſs of ordinary panes for win- 
dows, one of which being interpoſed betwixt the eye, and a clear light, 
appears of a golden colour, not much unlike that of the moderate 
tincture of our wood: but being viewed, when the beams of light paſs 
not ſo much thro it, as they are reflected from it to the eye, the yellow 
ſeems to degenerate into a pale blue, ſomewhat like that of a turquoiſe. 
And, what is ſtrange, if in a certain poſition, you hold one of theſe 
plates perpendicular to the horizon, ſo that the ſun may ſhine upon one half 
of it, whilft the other half is ſhaded, you may ſee the part illumin'd, of 
a much fainter yellow than the ſhaded part, which will appear more 
richly coloured. And if the glaſs be not held perpendicular, — parallel 
to the horizon, you may ſee the ſhaded part of a golden colour, whilſt 
the other appears conſiderably blue : Ae as you remove any part of the 
glaſs, thus held horizontally, into the ſun- beams, or the ſhade, it will, in 
the twinkling of an eye, ſeem to paſs from one of thoſe colours to the 
other; and the rays paſſing thro it, and received by. # ſheet of white 
payer held near, colour it with a yellow, ſomewhat bordering upon a 
red: yet the glaſs my. be ſo oppoſed to the ſun, as to throw a mixed 
com upon paper, in ſome parts more inclined to yellow, and in others 
to a blue. } 

In making theſe experiments with glaſs, you muſt take notice, that as 
one of the ſides has its Ar parts diſpoſed to reflect the blue co- 
lour, that fide muſt be held next to the eye. I have myſelf made 
glaſſes proper to exhibit an experiment, not unlike the laſt mentioned, 


by laying ſome ſilver, very finely foliated, upon glaſs, and giving it, by 


ces, a much ſtronger fire than is requiſite to tinge glaſs of other co- 
lours. And this experiment, tho made without a furnace, is the more 
conſiderable ; becauſe a skilful painter, who allow'd *twas with ſilver he 
coloured his glafles yellow, told me, that, when to burn them, he lays on 
the plates nothing but a calx of filver, calcined without corroſive li- 
quors, and temper'd with fair water, the plates are tinged of a fine 
yellow, that looks of a golden colour, which part ſoever be turn'd to, or 
trom the light; whilſt we have found, more than once, that ſome mou 
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of glaſs, prepared after our manner, tho', when held againſt the light, Pureics. 
they appeared of a tranſparent yellow; yet viewed with one's back turn d 


12. There are but few {1mple, , and primary colours; from the various Tye fagl, and 


but few. 


the hght, exhibited an opake blue. 


compoſitions whereof, all the reſt reſult : for tho painters imitate the hues 
of thoſe numerous different colours, to be met with in the works of na- 
ture, and of art; yet I have not found, that to exhibit this ſtrange va- 
riety, they need employ any more than white, black, red, blue, and yel- 
low; theſe five, variouſly compounded, and re-compounded, being ſuffi- 
cient to exhibit ſuch a variety, as thoſe, who are altogether ſtrangers to 
the painter's pallet, can hardly imagine. Thus black and white, differently 
mixed, make a vaſt number of lighter and darker greys ; blue and yellow 
make a great variety of greens; red and yellow make orange-tawny; red, 
with a little white, makes a carnation ; red, with an eye of blue, makes 
a purple: and, by theſe ſimple compoſitions again compounded, the skilful 
painter can produce what kind of colour he pleaſes ; and a great _ more 
than we have names for. But, to render the rules about the production of 
colours fit to be relied on, the corpuſcles, whereof the ſeveral pigments 
conſiſt, muſt be ſuch as do not deſtroy one another's texture; for, in caſe 
they do, the emerging colour may be very different from what would reſult 
from the mixture of other agreeing pigments of the ſame colours. 


The 


ſe un's light 


13. It may alſo help to diſcover the nature of colours, to know, that the f "et 

light of the ſun, paſſing thro' diaphanous bodies of different hues, may be e of traſ- 

of the ſame compound colour, as if it proceeded from painters co- . bodies, 4s 
paſbng thre 


— of — ſame —_— tho' the latter be — by — 
and mani com d of material pigments. W ore, to t 
compoſition of colours, we provided ſeveral plates of tinged glaſs, which be- 
ing laid, two at a time, upon one another; the object, view id tliro them 
both, appeared of a compound colour : which agrees with what we deliver'd 
of looking againſt the light thro* paper of different colours. But we 
— 4 experiment would be more ſatisfactory, if we procured the 
ſun- beams to be ſo tinged in their paſſage thro? plates of glaſs, as to exhibit 
the compound colour upon white paper. And tho, by reaſon of the thick- 
neſs of the glaſſes, the effeft was but faint, even when the ſun ſhone 
ſtrong ; yet we eaſily remedy d that, by collecting his rays, with a convex 
glaſs ; which increaſed the light, at the point where they met, ſufficiently 
to make the compound colour very manifeſt upon the paper. By this means 
we obſerved, that the rays paſſing thro* blue and yellow, compoſed a 
een; that an intenſe and moderate red, did, with yellow, make different 
s of ſaffron, and orange-tawny ; that green and blue made a colour 


ing of both, like what ſome Latin writers call Pavonaceus; and that + 


red and blue made a purple. 'To which we might add other colours that 
we produced by the combinations of glaſſes direct tinged, did I not 
want proper words to expreſs them in our language. And having expoſed 
four or five ſorts of coloured glaſs, and other tranſparent bodies to the ſun, 
and caft the reflected light upon white paper, held near them; the light 
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Pursics. appeared not manifeſtly tinged, but as if it had been reflected from the 
* impervious parts of a colourleſs glaſs; only that reflected from the yellow, 
was here and there ſtained with the ſame colour; as if. thoſe rays: were not 
all reflected from the ſuperficial, but ſome from the internal parts of the 
glaſs. And a skilful tradeſman, who makes ſuch coloured glaſs, told me, 
that whereas the red pigment was but ſuperficial, the yellow penetrated to 
the very midſt of the plate. But, for further ſatisfaction, we foliated a 
plate of Myſcovy glaſs, and laying on it a little tranſparent varniſh of a gold- 
colour, we expoſed it to the ſun- beams, ſo as to caſt them upon a _— 
body; on which the reflected light appearing yellow, manifeſted, that, 
ing reflected from the ſpecular part of the ſelenites, it was tinged, in its 
return, with the colour of the tranſparent varniſh, thro' which it paſſed. 


25 — * 14. We now proceed to ſome experiments made in favour of thoſe co- 
— lours, that are taught in the ſchools, not to be real, but only apparent, and 


fantaſtical. And, upon trial, we found, that theſe colours might be com- 
pounded both with true and ſtable colours; and, with one another, as well 
as thoſe which are unqueſtionably genuine and laſting; and that the co-- 
lours reſulting from ſuch compoſitions, would reſpectively deſerve the fame | 
denominations. For, firſt, having, by means of a glaſs priſm, thrown an 
wis on the floor; I found, that, by placing a blue glaſs at a convenient 
diſtance, betwixt the priſm and the iris, that part of the iris, which before 
was yellow, might be made to appear green ; tho' not of a graſs-green, 
but more. diluted and yellowiſh. And it ſeems not improbable, that the 
narrow greeniſh liſt, uſually ſeen between the yellow and blue parts of 
the iris, is made by the confuſion of thoſe two bordering colours. And tho' 
the want of a- ſufficient livelineſs in either of the compounding colours, 
or a {mall error in the manner of making the following trials, was enough 
to render ſome of them unſucceſsful ; yet when all neceſſary circum- 
ſtances were duly conſidered, the event was anſwerable to our expecta- 
tion. As a red and blue compound a purple, ſo I could produce the latter 
of the three colours, by .caſting,'at ſome diſtance from the glaſs, the blue 
part of the priſmatic,iris, upon a lively red. And ſometimes, when I try'd 
this upon a * of red doch, that part of the iris, which would have been 
blue, and, if compounded with the red of the cloth, appeared of a fair purple; 
did, when I came to view it near, look very oddly, as if there were ſome 
ſtrange reflection, or refraction, or both, made in the hairs of which that 
cloth was compoſed. Caſting, likewiſe, the priſmatic iris upon a very vivid 
blue, I found that part of it, which — otherwiſe have been the yel- 
low, appear green. But it may ſeem more ftrange, that tho? this iris, be- 
mg made by the refraction of light thro a body that has no colour, muſt, 
according to the doctrine of the ſchools, conſiſt of the pureſt empharical 
colours; yet even theſe may be compounded of one another, as well as 
real colours in the groſſeſt pigments. For I took, at once, two triangular 
glaſſes, and one of them being kept fixed in the ſame poſture, that the iris 
it projected on the floor might not waver, I caſt on the ſame floor another 
iris with the other priſm, and moving it to and fro, to bring what part — 
iy | 1 e 
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the ſecond iris I pleas'd, to fall upon what part of the firſt 1 thought fit ; Pn 
we ſometimes, by this means, obtain'd a green colour in that part of thnñe 


more ſtable iris that before was yellow or blue ; and, frequently, by caſting 
thoſe rays, that in one iris made the blue, upon the red parts of the other, 
we produced a lovely purple ; which might be deſtroyed, or re-compoſed at 
pleaſure, by ſeparating and re-joining the edges of the two. 
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15. Conſidering the priſm as the moſt - uſeful inſtrument hitherto em- Experiments 


ploy'd about colours, and that thoſe generally uſed, are made of glaſs, 
tranſparent and colourleſs; I thought proper to try what change the ſuper- 
induCtion of a colour, without deſtroying the tranſparency, would produce 


in the | an m0ne exhibited by it. But, being unable to procure one of 


coloured glaſs, and fearing alto, that if it were not carefully made, the 
thickneſs of it would render it too opake; I endeavoured to ſupply its 
place by one of clarify'd roſin, or of turpentine brought to the — 
of a tranſparent gum. Our attempts this way were not wholly loſt indeed, 
yet we found it ſo difficult to give theſe materials their true ſhape, that 
we choſe rather to varniſh over an ordinary priſm with ſome tranſparent 
pigment ; and this we did, firit with a yellow, and then with a red, or 
crimſon one, made of lac, temper'd with a convenient oil : the event was, 
that, for want of good tranſparent colours, of which there are but very 
few, both the yellow and the red rendered the glaſs ſo opake, tho' pru- 
dently laid on, that, unleſs I look'd upon ſome very vivid object, I could 
ſcarce diſcern any colours at all, * ecially when the glaſs was co- 
vered with red. And, upon viewing ſuch objects, I ah that the co- 
lours of the pigment had vitiated, or drown'd, ſome of thoſe which the 
priſm would otherwiſe. have exhibited ; and, mixing with others, altered 
them. Thus, when covered with yellow, it made thoſe parts of bright ob- 
jects, where the blue ſhould have been conſpicuous, appear of a light 
green. But the nature of the colours, the degree of tranſparency, and dark- 
neſs in the pigment, with many other circumſtances, ſo vary'd the pheno- 
mena of theſe trials, that, till I can procure ſmall coloured priſms, or hol- 
low.ones, that may be filled with tinged. liquors, or obtain ſome better pig- 
ments, than thoſe I was reduced to employ; I ſhall forbear to build any 
thing upon what I have done in this way: only deſire the inquiry may be 
Fa roſecuted. 


made with a co- 


loured prijm. 


16. There are ſome 1 tho? colourleſs themſelves, yet, when Lisi 


they come to be elevate 
cuous colour; which they loſe again, when re- united into a liquor. Thus, 
good ſpirit of nitre, or ſtrong Aqua fortis, tho* they have no appearance 
of redneſs, whilſt in the form, of a liquor; if a little heat chance to turn 
the minute parts of them into vapours, the ſteam will appear of a reddiſh, 
or deep yellow colour ; which vaniſhes, when thoſe exhalations reſume the 
form of a liquor. And if you look upon a glaſs, half full of Aqna fortis, or 
ſpirit of. nitre, and the other. half 2 proceeding from either; 
you will ſee the upper part of the glaſs, of the colour juſt mentioned, if 
turn'd to the light. But, what is * more conſiderable, I have or 
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and diſperſed into exhalations, exhibit a conſpi- —— 
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that — Aqua fortis in a long clear glaſs, and adding thereto a little 
copper, or tome ſuch open metal, to excite heat and fumes; the light paſſing 
thro* thoſe fumes being caſt upon a ſheet of white paper, appear thereon of 
the colour of the fumes, when directly view'd ; as it the light were as well 
tinged in its paſſage thro* theſe fumes, as it would have been by paſſing 
thro ſome glaſs, or liquor, in which the ſame colour was inherent. Haying, 
alſo, ſometimes obſerved, whether the beams of the ſun, near the horizon, 
paſſing thro a very red sky, would not exhibit the like colour; I found, 
that the rays falling in a room, upon a very white object, placed directly 
oppoſite to the ſun, diſcloſed a manifeſt redneſs, as if they had paſs'd thro” 
a coloured medium. 

17. The reſulting of colours, upon the coalition of the particles of ſuch 
bodies, as were neither of them coloured like that mixture whereof they 
are the ingredients, is very well worth our niceſt obſervation ; being of great 
ſervice, both in ſpeculation and practice. For the mechanical uſe of colours, 


among painters and dyers, very much depends upon 1 which of them 


are producible by mixing pigments of different hues. And 'tis of advan- 
tage to the naturaliſt to xnow how many, and which colours are primitive 
and ſimple; becauſe it both eaſes his labour, by confining his inquiry to 
2 ſmall number of thoſe upon which the reſt depend; and aſſiſts him to 
judge of the nature of particular compound colours, by ſhewing, from the 
mixture of what more ſimple ones, and in what proportions to one another, 
the particular colour to be conſidered, reſults. But becauſe to inſiſt on the 
proportions, the manner, and the effects of ſuch mixtures, would oblige 
me to conſider a great part of the painter's art, and dyer's trade; I ſhall 
eonfine myſelf to mention ſeveral ways of producing green, by the com- 
poſition of blue and yellow. 


Rag: Firſt, then, as painters make a green, by tempering blue and yellow, re- 
oil, 


1 


Sith bus duced to a ſoft conſiſtence, with water, 


or {ome Jiquor of kin to theſe; 
I found, that by chuſing fit ingredients, and mixing them in the form of 
powders, I could. do more this way, than if the ingredients were tem 
with a liquor. But the blue and yellow powders, beſides being finely ground, 
muſt be ſuch, that the corpuſcles of the one may not be too unequal to thoſe 
of the other; leſt, by their diſproportionate minuteneſs, the ſmaller cover 
and hide the greater. We uſed, with good ſucceſs, a flight mixture of 
the fine powder of biſe, with that of orpiment, or good yellow oker, tho® 
an exquiſite mixture did not ſucceed ſo well; but, by lightly mixing the 
two in ſeveral little pareels, thoſe of them in which the proportion and 
manner of mixture was more luckily hit, afforded us a good green. 

(2.) I have alſo learned, at the dye-houſe, that cloth, dy'd blue with 
woad, is afterwards, by the yellow decoction. of Lureola,, turn'd to a 


green. 
(3.) We formerly ſaid, that having in a darkned room taken two bodies, 


a blue and a yellow, and caſt the light reflected from the one upon the 


other ; wo thereby obtamed a green. 
8 (4-) We 


upon COLOURS. 


(4.) We alſo formerly obſerv'd a green to be produced, when in Paysics. 
the ſame darken'd room we look'd at the hole where the light enter d,. 


thro the green and yellow parts of a ſheet of marbled paper laid one 
upon the other. | 

(5.) We found too, that the beams of the fun paſſing thro two pieces of 
glaſs, the one blue, and the other yellow, laid upon one another, did 
upon a ſheet of white paper, on which they were made to fall, exhibit a 
lovely green: and other experiments have been before deliver d to the 
me purpoſe. 

(6.) We have likewiſe contrived a way of trying whether-metalline ſo- 
lutions, tho' one of them had its colour adventitious, might not, by the 
mixture of the menſtrua employ'd, be made to compound. a green, after - 
the manner of other bodies. 10 a high yellow ſolution of pure gold in 
Aqua regia, I put a due proportion of a fine deep blue ſolution of erude 
copper, made in ſpirit of urine; and theſe two liquors, tho at firſt they 
feem'd to coagulate each other a little, yet being thoroughly mix d by 
ſhaking, they preſently united into a tranſparent: green liquor; and ſo 
oontinued for ſeveral days; only letting fall a little blacki pore to 
the bottom. This experiment we more than once repeated with ſucceſs. 

(7.) And laſtly, to try whether this way of compounding colours would 
hold even in ingredients actually melted by the violence of the fire, provi- 
ded their texture were capable of enduring fuſion; we cauſed fome blue 
and yellow ammel to be long and well wrought together in the flame of a 
Ry which being ſtrongly and inceſſantly blown, kept them in fame degree 
of fuſion ; whence at length we obtain'd. an amel of a green colour. 


I have ſometimes conjectured, that the mixture of the biſe and the The gane 


—_— lately mentioned, produced # green, by altering-the ſuperficial a 
. which each of thoſe ingredients had a- part; ſo that the light ®2 % 
falling on the mixture, was reflected with different ſhades, as to quantity 
or order, or both, from thoſe of either of the ingredients; and fuch 
wherewith the light is ver when it reflects from graſs or leaves, Cc. 
that we call. green. And ſometimes too I: have doubted whether the 
green thus produced, might not be partly derived from hence; that the 
rays reflected from the corpuſcles of the orpiment giving one kind of 
ſtroke upon the retina, whoſe perception we call yellow, and thoſe re- 
flected from the corpuſcles of the biſe giving another ſtroke upon the ſame- 
retina, like objects that are blue; the contiguity and minuteneſs of theſe 
corpuſcles may make the appulſe of the reflected light fall upon the retina 
within ſo narrow a compaſs, that the part they ſtrike being as it were a 
phyſical point, they * give a compounded ftroke, and conſequently 
exhibit a new compound kind of ſenſation ; as we ſee that two ſtrings of a 
muſical inſtrument being truck together, give two ſounds, which arrive 
at the ear in the ſame time; and cauſe a differing ſenſation from either of 
them, and as it were one compounded of both. I ſhall only here farther- 
obſerve, that the firſt of theſe ways of compounding a green, agrees much. 
better with our conjectures about colours, than either with — 
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Pnxsics. of the ſchools, or with that of the chymiſts. For firſt, in the mixture of 
tee two powders I could, by the help of an excellent microſcope, diſcoyer 
that what ſeem'd to the naked eye a green body, was but a heap of 
diſtin, tho very ſmall grains of yellow orpiment and blue biſe confalzdly 

blended together; whence it appears, that the colour'd corpuſcles of 

either kind did each retain its own nature and colour: ſo much may mere 
tranſpoſition and juxta-poſition of minute and ſingly unchanged particles of 

matter, contribute to produce a new colour. Secondly, the green. thus 

made, being mechanically produced, there is no pretence to derive it from 

any unintelligible ſubſtantial form; nor does this green, tho? a real and 
permanent colour, ſeem to be-a very inherent quality, as by that doctrine 

it ought to be; 177 7 each part of the mixture remains unalter'd in colour, 

and conſequeitly of a different one from the heap they compoſe : for, if the 

eye be aſſiſted by a microſcope, it no longer ſees a green body, but a heap 

of blue and yellow corpuſcles. And thirdly, I demand what ſulphur, 

ſalt, or mercury have to do in the production of this green? for neither 

the biſe nor the orpiment were of that colour before; and the bare juxta- 

poſition of the corpuſcles of the two powders that operate not upon each 

other, but might, if we had convenient inſtruments, be ſeparated un- 

alter d, cannot with any probability be imagin'd either to increaſe or di- 

miniſh any of the three hypoſtatical principles. 3 wy 

The mixture of x8, But it is not every yellow and every blue that will by their mixture 
—— afford a green. For incaſe either of the ingredients has a power to alter 
wot offors the texture of the other, ſo as to indiſpoſe it to reflect the light, as. bodies 
, that exhibit a blue or a yellow, reflect it; the emerging colour may not 
| , _ . be green, but ſuch as the change of texture in the corpuſcles of one or 
-both of the ingredients qualifies them to give. Thus, = inſtance, if you 
Jet fall a ſo rope of ſyrup of violets upon a piece of white paper, tho” 
the ſyrup will appear blue thereon, yet by mixing with it two or three 
drops of the above-mention d ſolution of gold, I obtain'd a reddiſh mixture 
from the power of the acid ſalts in the ſolution. And having made a 
very ſtrong and high-colour'd ſolution of copper-filings with ſpirit of 
-urine, tho” the menſtruum ſeem'd fully ſaturated with, the metal; yet 
having let three or four drops of ſyrup of violets fall upon Whüte paper, I 
found that the deep blue ſolution proportionably mix d with this other 
blue liquor, made not a blue, but, upon account of the urinous ſalt in 
the menſtruum, a fair green, 3 

| The colours 19. To ſhew the chymiſts that colours may be made to appear or vaniſn 
ug where there happens no acceſſion or change either of the ſulphureohs, 
Lthis ſulfances- the ſaline, or the mercurial principle of bodies, .I ſhall not make uſe pf 
the iris afforded by the glaſs priſm, nor of the colours to be ſeen in a fair 

morning in thoſe drops of dew, that in a convenient manner reflect and 

refract the rays of light to the eye; but remind them of what they. ma 

obſerve in their own laboratories. For all chymical eſſential oils, as alſc 
good ſpirit of wine, being ſhaken till they riſe in bubbles, thoſe. bubbles 
Appear with various fine colours, which all immediately. vaniſh * Ho. 
88 FR VOY ; relapſing 


” 


7 

I 
k 
* 


upon COLOURS. 71 
relapſing of the liquor that affords them their films, into the reſt of the oil Payscs. 
or ſpirit of wine ; ſo that a colourleſs liquor may immediately be made to 
exhibit a variety of colours, and loſe them in a moment, without the ac- 
ceſfion- or diminution of any of its hypoftatical principles. And, by the 
way, tis werthy our notice, that ſome bodies, as well colourleſs as co- 
lour'd, by being brought to a great thinneſs of parts, acquire colours 
they had not before. For not to inſiſt on the variety of colours that wa- 
ter, render d glutinous by ſoap, acquires, when blown into | ſpherical 


bubbles; turpentine will, by being blown into after a certain manner, 


afford bubbles adorn'd with various colours; which tho* they ſoon vaniſh 
after the bubbles break, yet theſe would, probably, always variouſly exhi- 
bit colours upon their ſuperficies, if their texture were durable enough: 
for I have ſeen a perſon skill'd at faſhioning glaſſes, by the help of a lamp; 
blow ſome ſo vehemently, as to burſt them; whereupon we found the te- 
nacity of the metal ſuch, that before it broke, it ſuffer d itſelf to be reduced 
into films ſo extremely thin, that being kept clean, they conſtantly ſhew'd. 
on their ſurfaces the varying colours of the rain-bow, which were ex- 
ceedingly vivid. Taking, allo a feather of a convenient ſhipe and bigneſs, 
and holding it at a due diſtance betwixt my eye and the fun, when near 
the horizon, there appear d to me a variety of little rain-bows; with dif- 
ferent and very vivid colours, none of which were conſtantly to be ſeen 
in the feather. - The like phenomenon I have at other times produced, by 
interpoſing, at u proper diſtanèe, a piece of black ribband betwixt the 
ſetting ſun and my eye. | e eee, i 

20. Drop a Ittle good ſyrup of violets upon white „ and on this Der 
liquor let fall two or three drops of the ſpirit either of ſalt, vinegar, or blue-bottls, by 
ether eminently acid liquor; and upon the mixture of theſe, you ſhallg ears; 7.5 
find the ſyrup immediately turn d red. But if inſtead of ſpirit of ſalt, #» acid fraw an 
or that of vinegar, you drop upon the ſyrup a little oil of tartar per- 
deliquium, or of the ſolution of pot-aſhes, and ſtir them together with 
your finger, the blue colour of the ſyrup will in a moment be turn'd 
into a rv. green. And this ſyrup may be ſubſtituted for the infu- 
ſion of Lignum Nephriticum, when we would examine whether the ſalt. 
2 in a. liquor, or other body, wherein tis looſe and in plenty, 

ngs to the tribe of acid ſalts. For if ſuch a body turns the ſyrup · of a 

red or-reddiſh purple colour, it for the moſt part argues that body to 
abound with acid falt. But if the ſyrup be* turn'd. green thereby, the 
predominant ſalt ſeems to be of a nature contrary. to acid. For as ſpirit 
of ſalt, oil of vitriol, Aqua-fortis, ſpirit of vinegar, juice of lemmons, Cc. 
will turn ſyrup of violets red or reddiſh ; ſo L have found that not only all 
the vclatile ſalts of animabſũbſtances which I have uſed, as ſpirit of hart's- 


horn, of uritie, of fal-armoniac, of blood, &«.' but all the alkaline fats F 


have employ'd, as the ſolution of ſalt of tartar, of pot- aſhes, of common , 
wood-aſhes, lime-water, Cc. will immediately change that blue ſyrup- 
into a perfect green. And by the ſame way,” the changes that nature and 
time produce in the more ſaline parts of ſome bodies, — 

and 
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Purstes. and ſuch bodies chymically prepared, as belong neither to the animal 
kingdom, nor to the tribe of alkalies, have their new nature ſucceſsfully 


examined. But to change the colour of this ſyrup, it requires that the body 
de more ſtrong of the acid or other ſalt predominant in it, than is neceſſary 
to work upon the tincture of Lignum Nophriticuns: and tho' the actions of 
theſe contrary ſalts will deſtroy each other, yet neither cf them will re- 
ſtore the ſyrup to its native blue, as in the nephritic tincture; but each 

of them changes it into the colour which itſelf affects. 
21. By dropping on the freſh juice of blue-bottles, or the Oanus vulga- 
-ris minor, a little ſpirit of ſalt, it immediately turn'd to a red. And if 
4nſtead of the acid ſpirit, I mix'd with it a little ſtrong ſolution of an 
alkaline ſalt, it preſently diſcloſed a lovely green; the ſame changes being, 
by thoſe different forts of ſaline liquors, producible in this juice, as in ſy- 
rup of violets. And finding this blue juice, when freſh, to be capable of 
ſerving for an ink of that colour; I attempted, by moiſtening one part of 
A piece of white paper with the ſpirit of falt, and another with ſome 
alkaline or volatile liquor, to draw a line on the paper after it was dry, 
that ſhould appear partly blue, partly red, and partly green: but the 
latter part of the experiment did not ſucceed well, tho' the blue and red 
were conſpicuous enough to ſurprize thoſe who were unacquainted with 
the trick. But left it ſhould be thought that volatile or alkaline falts 
change blue into green rather upon the ſcore of the eaſy tranſition of the 
former colour into the latter, than upon account of the texture, wherein 
moſt „ "re that afford a blue, ſeer:; to be allied; I ſhall add, that 
having diſſolv d blue vitriol in fair water, and put a lixiviate liquor and 
an urinous ſalt to diſtinct parcels of it, each of em turn'd the liquor not 
green, but of a deep yellowiſh colour, almoſt like that of yellow oker 
Which colour, the corpuſcles thereby precipitated, retain'd. 
22. The hint of che following experiment was afforded us by the prac- 
tice of ſome Traliau painters, who counterfeit ultra-marine azure 00 
| grmamg 


* The Prufien blue is allow'd to excel four pints of boiling water; and let it 
the ultra · marine. And the preparation of continue boiling for half an hour. Strain 
It being very curious and uſeful, we ſhall the decoction, dilute the black remaining 
here give an extract of that receit for it | ſubſtance with water, and boil and ftrain 
which was lately communicated to the as before, till the water pour'd on be- 
Royal Society by Dr. Woodward, as ſent him comes inſipid. Add the ſeveral ftraini 
from Germany. Take of crude nitre and together, and evaporate them to four 
crude tartar, each four ounces; powder | pints. Then diſſolve an ounce of Engliſb 
them fine, mix them together; and after | vitriol, calcined white, in fix ounces of 
decrepitation, there will remain four | rain-water, and filtre the ſolution. Diſ- 
ounces of a ſalr-of tartar: whilſt this is ſolve, likewiſe, half a pound of crude alum 
hor, pulverize it, and add thereto four in two quarts of boiling water; and add 
ounces of well-dry'd ox-blood, in fine pow- | this to the ſolution of the vitriol taken 
der. Calcine the whole in a cover'd cru- | hot from the fire ; * ＋ N them alſo 
cible, whereof it may fill two thirds, | the firſt lixivium, whilſt t _—_ hot, 
After this operation, lightly grind the | in à large veſſel. A great ebullition, 
matter in & mortar, and put it hot into | and « green colour, will Wr 
ue. 
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grindin verdigrea ſe with ſal-armoniac and ſome other ſaline ingredients, Payscs* 


and ſuffering them to lie for a good while together in a dunghill ; 
ſuppoſed, that the change of colour wrought in the verdigreaſe by this 
way of preparation, muſt proceed from the action of certain volatile and 
alkaline ſalts, abounding in ſome of the mixed concretes, and brought to 
make a further diſſolution of the copper contained in the verdigreaſe ; and 


therefore conjectured, that if both the verdigreaſe, and ſuch ſalts, were 


diflolved in fair water, the ſmall parts of both being therein more ſub- 
divided, and ſet at liberty, would have better acceſs to each other, and 


for we WWW 


thence incorporate much the ſooner. And, accordingly, we found, that — 


if, upon a ſtrong ſolution of good French verdigreaſe, we poured a juſt 
quantity of oil of tartar, and ſhook them well together, a notable change 
of colour immediately ſucceeded ; the mixture growing thick, and not 
tranſparent ; but if you ſtay till the groſſer part be precipitated, and 
ſettled at the bottom, you may obtain a clear liquor of an exceeding de- 
lightful colour. You muſt drop in a competent quantity of oil of tar- 
tar, otherwiſe the colour will not be ſo deep — rich; but if, inſtead 
of this oil, you employ a clear lixivium of pot- aſhes, you may have an 
azure, ſomewhat lighter or paler than the former. And if, inſtead of ei- 
therof theſe liquors, you make uſe of ſpirit of urine, or of hart's-horn, 
you will, according to the quantity and quality of the ſpirit poured in, ob- 
tain ſome further variety of blue liquors; and, by the hel of this urinous 
ſpirit, we have made a ſurprizing blue liquor. But theſe azure-coloured 
liquors ſhould be freed from the ſubſiding matter, which the ſalts of tar- 
tar, or urine, precipitate out of them, rather by being decanted, than by 
filtration ; for, in the latter method, we have ſometimes found the colour 
of them very much impaired. 


23. That roſes, held over the fume of ſulphur, may quickly be thereby Of « 1:8 


deprived of their colour, and have as much of their leaves, as the fume 
works upon, turned pale, we have already hinted ; and it is a known 
experiment. But it may ſeem ſtrange to one who has never conſidered 


the compound nature of brimſtone, that tho" the fume of it, as we 


enſue. Whilſt this ebullition continues, 
pour the mixture out of one veſlel into 
another, and afterwards let it reſt. Then 
run the liquor thro a linen, and let 
the pigment remain in the ftrainer ; and 
when 'tis thus freed from its moiſture, 
put it, by means of a wooden ſpatula, in- 
to a ſmall new por pour upon it two or 
three ounces of ſpirit of ſalt, and there 
will immediately ariſe a moſt beautiful 
blue. Let the matter be well ftirr'd, and 
ſet to reſt for a night; and afterwards 
thoroughly edulcorate it with repeated 
affuſions of rain-water ; allowing a com- 
war time for the precipitate to ſub- 
Thus, at length, it will become ex- 
Vo I. II. 


uiſitely blue. Laſtly, let it drain upon 
the linen ſtrainer, and dry Ar. for 
uſe. The ſucceſs of this proceſs greatly 
depends upon the calcination. - The cru- 
cible is firft to be ſurrounded with coals, 
that it may grow gradually hot, and the 
matter leiſurely flame and glow. This de- 
gree of heat muſt be continned till the 

ame and glowing decreaſe : then the 
fire ſhould again be raiſed, that the mat- 
ter may glow with an exceeding white 
heat; but little flame appear above the 
crucible. The Jixivia muſt be vehement- 
ly hot; and ought to be mix'd together in 
an inſtant. See Pbilaſ. Tranſact. No 381. 


p.15—24. 
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Paysrcs. have ſaid, whitens the leaves of roſes, yet the oil of ſulphur per campanam, 
u powerfully heightens the tincture of red roſes, and makes it more red and 

t vivid; as we have eaſily try'd, by putting ſome red roſe- leaves, that ha- 
ving been long dry d, had loft much of their colour, into a vial of fair wa- 
ter: for a while after the affuſion of a convenient quantity of the oil, 
both the leaves themſelves, and the water they were ſteep'd in, diſcover'd 
a very freſh and lovely red colour. 

What 24. It may ſerve to illuſtrate not only the doctrine of pigments, and of 

of limpid liquor colours, but many other parts of mechanical philoſophy, as odors, and 

„ other qualities are explain d by the aſſiſtance of bodies extremely minute, 
to examine to how much of a colourleſs liquor, a very ſmall parcel of a pig- 
ment may impart a diſcernible colour. And tho' ſcarce any thi of ex- 
actneſs can be expected from ſuch trials, yet I preſum'd I ſhou'd hence be 
able to ſhew a much further ſubdiviſion of the parts of matter into viſible 
particles, than ſeems hitherto taken notice of, or imagin'd. 

The moſt promiſing bodies, for ſuch a purpoſe, might ſeem to be metals, 
eſpecially gold, — of the multitude and minuteneſs of its parts, which 
might be argued from the great cloſeneſs of its texture. But tho we try'd 
a ſolution of gold, made in Aqua regia firſt, and then in fair water, yet be- 
cauſe we were to determine the pigment we employ'd, not by bulk, but 
weight; and becauſe alſo the colour of gold is but weak, in compariſon of 
that of cochineal, we rather choſe this to make our experiments with. 
But, from a number of theſe, it may ſuffice: to ſele& one which was care- 
fully made in veſſels conveniently ſhap'd ; to which I ſhall only premiſe, that 
the cochineal will be better diffoly'd, and have its colour far more heighten'd 
8 ſpirit of urine, than by common water, or even rectified ſpirit of wine. 

ne grain of cochineal, diſſolved in a conſiderable quantity of ſpirit of 
urine, and then further diluted by degrees with fair water, imparted a 
diſcernible colour to ſix glaſſes of water, each containing forty-three oun- 
ces and a half ; which amounts to above one hundred twenty-five thouſand 
times its weight. 

44, alkaline, 25. It may afford a conſiderable hint towards improving the art of dy- 
and die ing, to know what change of colours are producible by the three ſe- 
— 2 veral ſorts of ſalts we have mention'd, in the juices, d ions, infuſions, 
z, and the more ſoluble parts of vegetables. The blue liquors lately made 
uſe of in our experiments, are far from being the only vegetable ſubſtan- 
ces upon which acid, urmous, and alkaline falts, have the like operations to 
thoſe above recited. Ripe privet-berries, for inſtance, being cruſh'd upon 
white paper, tho” they ſtain it with a purpliſh colour, yer if we let fall on one 
art of it, two or three drops of Pa of ſalt, and on the other, ſome 
8 of pot- aſhes, the former liquor immediately turns that part 
of the thiek juice, or pulp, on which it fell, into a lovely red; and the latter 
changes the part whereon it falls, into a delightful green. This experiment 
is, perhaps, very extenſive, and ſerviceable to thoſe who wou'd. know how 
dying ftuffs may be wrought upon by faline liquors, For I have found it 
to ſucceed in ſo many various berries, flowers, bloſſoms, and other finer | 
| | ; parts 
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parts of vegetables, that my memory will not ſerve me to enumerate them; Pnrsics. 
jou is ſurprizing to ſee, by what differently colour d flowers or bloſſoms; LW 


for example, paper being ſtain'd, may, by an acid ſpirit, be immedi- 
ately turn'd red, and by any alkali, or urinous ſpirit, green ; ſo that even 
the bruis'd bloſſoms of Mexereon, gather d in froſty weather, and thoſe 
of peaſe cruſh'd upon white paper, how remote ſoever their colours are 
from green, wou'd in a moment paſs into a deep degree of that colour, 
upon the touch of an alkaline liquor. And either of theſe new pigments 
may, by a ſufficient affuſion of a contrary liquor, be preſently chang'd from 
red to green, and from green to red; which obſervation holds alſo in 
ſyrup of violets, the juice of blue-bottles, Cc. 

26. There are, however, ſome caſes wherein theſe experiments will not 
uniformly ſucceed. And firſt, I try'd the operation of acid ſalts upon ſuch 
vegetable ſubſtances as are in their own nature red ; as ſyrup of clove- 
july-flowers, the clear expreſs d juice of buckthorn-berries, red-roſes,infu- 
ſion of brazil, and many others; on ſome of which, ſpirit of ſalt either made 
no conſiderable change, or only alter'd the colour from a darker to a lighter 
red. And as to the operation of the other ſorts of ſalts, upon theſe red 
ſubſtances, I found it not very uniform ; ſome red or reddiſh infuſions, 
as of roſes, being thereby turn'd into a dirty colour, — to green. 
Nor was the ſyrupof clove-july-flowers turn'd by the ſolution of pot-aſhes, 
to a much better, tho* a ſomewhat greener colour. Another ſort of red 
infuſion was by an alkali not turn'd into a green, but advanc'd to a 
crimſon ; tho' there were other kinds of them, particularly the juice of 
buckthorn-berries, that readily paſs'd into a lovely green. 

27. Among other vegetables, which ſeem'd likely to afford exceptions 
to the general obſervation about the different changes of colours, pro- 
duced by acid and ſulphureous ſalts, we made trial upon the flowers of jeſle- 
min; they being both white, as to colour, and eſteem'd of a more oily 
nature than other flowers. Taking, therefore, only the white parts of the 
flowers, and rubbing them ſomewhat hard with my finger, upon a piece 
of clean paper, it appear'd very little diſcolour'd thereby; nor had ſpirit 
of ſalt, wherewith I moiften'd one part of it, any conſiderable operation 
thereon : tho ſpirit of urine, and, particularly, a ftrong alkaline ſolution, 
immediately turn'd the paper, tho it had remain'd almoſt colourleſs, of a 
deep greeniſh yellow ; which experiment I ſeveral times repeated with the 
like ſucceſs. But a great degree of unctuouſneſs ſeems unneceſſary to the 

roduction of theſe effects; for when we try'd the experiment with the 
leaves of thoſe pure white flowers that appear about the end of winter, 
and are commonly call'd ſnow-drops, the event was much the ſame with 
the laſt mention'd. 

28. Another ſort of inſtances, to ſhew how much the changes of colours 
effected by ſalts, depend upon the particular texture of the colour'd bo- 
dies, we have from ſeveral yellow flowers, and other vegetables, as 
marygold-leaves, primroſes, freſh madder, &c. For theſe being rubb d 
upon white paper, till they imbued it wh their colour, I cou'd not find, 
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Pnrsrcs. by the addition of alkaline liquors, or of an urinous ſpirit, that they would 
. rum either green or red; even the ſpirit of ſalt would not conſiderably al- 


ter their colour, only dilute it a little: tho', in ſome early primroſes, it 
deſtroy d the 3 part of the colour, and made the paper almoſt white 
again. Madder, alſo, afforded ſomething peculiar ; * having gather'd 
ſome roots of it, whilſt its yellow juice was freſh expreſs d upon white 
paper, an alkaline ſolution being dropp'd upon it, turn d it neither green 
nor white, but red; and the bruis'd madder it ſelf, drench'd with the 
like alkaline ſolution, exchang'd its yellowneſs for a redneſs. 

29. It may be of uſe, towards diſcovering the nature of the changes 
which the alimental juices undergo in different vegetables, in their diffe- 
rent degrees of maturity, to obſerve what operation acid, urinous, and 
alkaline falts will have upon thoſe juices. To ſhew my meaning by an 
example, I took from the ſame cluſter one black- full ripe, and ano- 
ther that had not yet out-grown its redneſs; and rubbing a piece of 
white paper with the former, I obſerved, that the juice adhering to it, 
was of a dark reddiſh colour, full of little black ſpecks ; and that this 
juice, by a drop of a ſtrong lixivium, would immediately turn into a deep 
. greeniſh colour; by as much urinous ſpirit, into a colour near allied to 

the former, tho' fainter ; and by a drop of ſpirit of ſalt, into a fine light 
red: but the red berry, rubbed in like manner upon paper, left on it 
red colour, which was very little altered by the ſame acid ſpirit ; a 
from the urinous and lixiviate ſalts, received changes of colour, different 
from thoſe produced in the dark juice of the ri black-ber - 

I remember alſo, that tho* the infuſion of damask roſes would be 
heighten'd by acid ſpirits, to an intenſe degree of redneſs, and, by lix- 
wiate ſalts, be brought to a darkiſh green; yet putting a roſe, whoſe leaves 
were perfectly yellow, in a ſolution of ſalt of tartar, it afforded a green 
bluiſh tincture; but, by means of an acid liquor, I could not obtain a red 
one ; the faline ſpirit I employ'd, only a little dilating the yellowneſs of the 
leaves. And if I were in the iſlands of Banda, where cloves fo greatly 
proſper, I thould try what operation our three differing kinds of ſalts 
would have upon the juice of this ſpice ; which eminent authors inform us 
is at firſt white, afterwards green, and then reddiſh, before tis beaten off 
the tree; after which, being dry d, it grows blackiſh, as we ſee it. And 
one of the lateſt botanic writers informs us, that the flower grows upon 
the top of the clove itſelf, conſiſting of ſmall leaves, like a cherry bloſſom, 

but of an excellent blue. | al 

"Tis very proper to take notice of the particular ſeaſons wherein the ve- 

bles, deſigned for the nicer experiments, are gathered. That diligent 
taniſt, Mr. Parkinſon, tells us, that © of buckthorn-berries are made three 
"* ſeveral ſorts of colours; being gathered green, and kept dry, they are 
2 call'd ſap-berries; which being ſteep'd in alum-water, give a fair yellow 
colour, uſed by painters, bock-binders, and Lacher Heir who alſo 
cc | | X 
„ make a green colour, called ſap-green, taken from the berries, when 
© they are black; that being bruiſed, and put into a braſs kettle, — 
ä 5 there 
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ce there ſuffered to remain for three or four days, with ſome beaten alum Prsics. 
t to them, they are afterwards preſſed, and the liquor uſually put into x. 


cc 
u 
1 adders, and hung up till it be dry: this, he ſays, is afterwards diſſolved 
ce in water, or wine, but canary is the beſt to preſerve the colour from 
e ſtarving. The third is a _ colour, made of the berries, ſuffered 
to grow upon the buſhes, till the middle, or end of November, when 
they are ready to fall of themſelves.” And I try'd, with ſucceſs, to 
make ſuch a kind of _—_ as painters call ſap-green, by a way not un- 
like that here delivered. by our author. Much aftex the ſame manner, alſo, 
they make ſap-green in the colour-ſhops. | 


30. Many bodies, digeſted in well-cloſed veſſels, change their colour in Changes of colour 


tract of time, as rectify d ſpirit of hart*s-horn ; and the ſame is evident in 


is redu 
like kind, might be produ 
no reaſon why we ſhould attribute the new colours to the action of a 


new ſubſtantial form; nor to any increaſe, or decreaſe of the ſalt, ſul- 


phur, or _y of the matter that acquires them. For the veſſels 
are cloſed, and theſe principles, according to the chymiſts, are ingene- 


rable, and incorruptible. that the effect ſeems to proceed from the 
heat, agitating and diſcompoſing the corpuſcles of the body expoſed to it; 


which, in proceſs of time, ſo changes its texture, that the tranſpoſed parts 
modify the incident light, otherwiſe 'than when the matter appeared 
another colour. | 


31. Among the ſeveral changes of colour which bodies acquire, or diſ- 


cloſe, by digeſtion, it is very remarkable, that chymiſts find a redneſs, ra- 
ther than any other colour, in moſt of the tinctures they draw; and even 


in the more groſs ſolutions they make, of almoſt all concretes that abound . 


either with mineral or vegetable ſulphur ; tho* the menſtruum employ d 
about theſe ſolutions, or tinctures, be never ſo limpid. This we have 
obſerved in abundance of tinctures, drawn with ſpirit of wine from jalap, 


guaiacum, and many other vegetables; and not only in the folutions of 


amber, benjamin, &c. made with the ſame menſtruum; but alſo in ſe- 
veral mineral tinctures. And, not to urge that familiar inftance of the 
ruby of ſulphur, as chymiſts call the ſolution of flowers of brimftone, made 
with the ſpirit of turpentine; nor to take notice of other more known 
examples of the aptueſs of chymical oils to produce a red colour with the 
ſulphur they extract or diſſolve ; tis remarkable, that both acid and alka- 
line falts, tho”, in moſt other caſes, of contrary operations, will, with 
many bodies that abound in ſulphureous, or oily parts, produce a red; 
as is manifeſt in the yulgar inſtances of the tinctures, or ſolutions of 
ſulphur, made with lixiviums, either of calcined tartar, or pot-aſhes, 
and other obvious examples; and in that the- true glaſs of antimony, 
extracted with ſome acid ſpirits, yields a red tincture. And a certain 


acid liquor will, in a moment, turn oil of turpentine into a ceep 
7 


Now, in theſe operations, there appears 


ko 


di „& 0 
— 


the precipitations of amalgams of gold and mercury, without addition ; red 
gh the continuance of a due heat, the ſilver- coloured amalgam 
into a ſhining ot ym And many other inſtances of the 
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Pursres. red*. Among the many inſtances I could produce of the eaſy production 
dj redneſs, by the operation of a ſaline ſpirit, as well as of ſpirit of wine, 

to or three of them deſerve to be particularly mentioned. 

32. But, before I ſet them down, 'tis proper to premiſe, that there 
ſeems to be a manifeſt diſparity betwixt red liquors; for ſome of them 
may be ſaid to have a genuine redneſs, in compariſon of others that have 
it yellowiſh. Thus if a good tincture of cochineal be diluted never fo 
much with fair water, it will not become a yellow liquor. But balſam 
of ſulphur, tho in a large quantity, it appear to be of a deep red; yet if 
you ſhake the containing glaſs, or pour a few drops on a ſheet of white 
paper, ſpreading them on it with your finger, what falls back along the 
ſides of the glaſs, or ſtains the paper, will appear yellow. And there are 
many tinctures, ſuch as that of amber, made with ſpirit of wine, which 
will appear either yellow or red, according as the veſſels that contain them 
are {lender or broad. | | 

33- To come now to the experiments we deſigned. Firſt, oil or ſpirit 
of turpentine, tho' clear as fair water, being digeſted upon the pure white 
ſugar of lead, has, in a ſhort time, afforded us a high red tin pro- 
bably a good medicine. | 

34. Secondly, take common brimſtone, and ſal-armoniac, of each, fine- 
ly powdered, five ounces ; of beaten quick-lime, fix ounces : mix theſe 
powders exquiſitely, and diftil them in a retort, placed in ſand, by degrees 
of fire; giving, at length, as intenſe an heat as you can in ſand ; and there 
will come over a volatile tincture of ſulphur, which alſo may prove an excel- 
lent medicine. Now, tho none of the ingredients here be red, the diſtilled 
liquor is of that colour; and, if it be well drawn, will, upon a little agitation 

the vial, firſt unſtopped, ſend out a great white fume, which ſometimes 
ſpreads wide, and is very offenſive : and tho? the liquor itſelf be red, and 
its fumes white ; yet it will dye the fingers black. 

35- The laſt experiment, I ſhall now produce, to ſhew how apt bodies, 
abounding in ſulphureous parts, are to aftord a red colour, is one wherein 
the operation of a clear ſaline ſpirit upon a white, or whitiſh body, may 
Le pry a redneſs in the twinkling of an eye. We took then, a little eſſen- 
ti 


oil of aniſeeds congealed, and ſpread it with a knife upon a piece of white 
paper; when miting with it a drop or two of well rectified oil of vitriol, 
there immediately emerged, with ſome heat and ſmoke, a blood-red co- 


lour. 


* Mr. Coles found, that a certain ſulphu- | the containing glaſs, and the liquor will 
reous ſpirit, mixed with & volatile alkali, | inftantly turn red; tho' they both were 
gives a red colour in a moment. This | clear before. The more veſſel is - 
pirit he made, by diſtilling two or three | ſhook, the deeper will be the red. And 
pound of benjamin with a little ſand, in | this effect is produced without any effer- 
a retort, ad ſiccitatem ; and putting the | veſcence; whence the inventor conceives 
dil, ſpirit, and flowers together in a filtre | the experiment may be of uſe in ac- 
of paper, when the ſpirit came firſt | counting for ſanguiſication. Philoſ. Tran. 
thorough, Put two parts of this ſpirit to | Ne 228. p. 54%. 

one of ſpirit of ſal-armoniac, ad ſhake 
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36. Let it be here obſerved, once for all, that, in many of theſe experi- Physics. 


ments the colour produced is often very ſubject to degenerate. However, 


— 


ſince the changes we have ſet down happen rays N the operation of ;;,5 + 


the bodies on each other, or at the rimes ſpecified ; that is ſufficient to ſhew 
what we intend. For it is not eſſential to the genuineneſs of a colour to 
be durable; a fading leaf, that is ready to rot and moulder into duſt, may 
have as true a yellow as a wedge of gold. And I have ſeveral times ob- 
ſerved, that the mixture made by the oils of vitriol, and of aniſeeds, tho 
it acquire a thicker conſiſtence than either of the ingredients, quickly loſes 
its colour, and turns to a dark grey ; at leaſt in the ſuperficial parts, 
where tis expoſed to the air. This degeneration of colours may, in many 
caſes, indeed, proceed from the further action of the ſaline corpuſcles, and 
other ingredients upon one another; yet much of the ſudden change 
may often be aſcribed to the air. Thus we have ſometimes -obſerved 
window-curtains of a light colour, to have that part of them which 
was expoſed to the air, when the window ſtood open, of one hue ; and. 
the lower part, that was ſcreen'd from the air by the wall, of another 
colour. And Parkinſon ſays, of the plant turnſol, that ** its berries, when 
full ripe, have within them, between the outward skin and the inward 
kernel, a certain juice, which rubbed upon paper or cloth, at the 
** firſt appears of a freſh lovely green, but preſently changes into a kind 
* of bluiſh purple. He adds, that the ſame cloth, afterwards wet in 
* water, and wrung out, will turn the water into a claret-colour. And 
© theſe rags of cloth, ſays he, are thoſe uſually call'd turnſol in the drug- 
** giſts ſhops.” I alſo remember, that letting ſome of the deep red juice 
of buckthorn-berries drop npon a piece of white paper, and leaving it 
there for many hours, till the paper was grown dry again ; I found the 
juice degenerated to a dirty kind of greyiſh colour ; which, 1n a great part 
of the ſtain d paper, ſeem d not to have ſo much as an eye of red: tho” a 
little ſpirit of ſalt, or diſſolved alkali, would turn this unpleaſant colour 
into a red or green. And, to ſatisfy myſelf that this degeneration of 
colour did not proceed from the paper, I dropp'd ſome of the ſame juice 
upon a white ue tile; and, permitting it to dry thereon, I found it then 
_— loſt its 3 _ : FP 0 30 4 
aving diſſolve un ilver in Aqua fortis, and precipitated it wi 

ſpirit of falr, upon firſt d - 

purely white; but, after it had lain a while uncovered, the part of it that 
lay contiguous to the air, not only loſt its whiteneſs, but appeared of a 
very dark, and almoft blackifh colour; but if the part that was contiguous 
to the air, were gently taken off, the ſubjacent part of the ſame maſs 
would appear very white; till that alſo, having continued a while expoſed 
to the air, would likewiſe degenerate. Whether the air produce this ef- 
fect by the means of a ſubtile ſalt, by a penetrating moiſture, by ſolliciting 
the avolation of certain parts of the bodies to which tis contiguous, or by 
ſome other way, I leave to be further conſidered. Twere eaſy here to 


add many other inſtances of redneſs, reſulting from the digeſtion of * 


ecanting the liquor, the remaining matter was 
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1 aan yellow ; and conſequently in ſuch bodies the yellow ſeems to 
be but a diluted red. And accordingly, alkaline ſolutions, and urinous 


dies, ſublimed, or diſtilled, and of the productions made by the coalition of 

thoſe ſteams. Thus, for inſtance, we find in diſtilling pure ſalt-peter,thar at a 
certain juncture of the operation, the body, tho' it ſeem either cryſtal- 
line, or white, affords very red fumes; whilſt tho” vitriol be either green or 
blue, its ſpirit comes over in whitiſh vapours. The like colour I have found 
in the fumes of ſeveral other concretes, of different colours and natures ; 
eſpecially when diſtill'd with ftrong fires. And even ſoot, as black as it 
is, has fill'd our receivers with white fumes. No leſs obſervable may 
the diſtill'd liquors be, into which ſuch fumes convene : for tho', by skill 
and care, a reddiſh liquor is attainable from nitre, yet the common ſpirit 
of it, in the preparation whereof abundance, of | theſe red fumes paſs 
over 
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over into the receiver, has no appearance of red. Neither the ſpirit of Paysrcs. 


vitriol, nor of ſoot, is white; and the empyreumatical oils of woods, and 
other concretes, are either of a deep red, or of a colour between red 
and black. But tis very remarkable, that notwithſtanding the great va- 
riety of colours, to be met with in herbs, flowers, and other bodies uſually 
diſtill'd in Balneo; yet all the waters and ſpirits that firſt come over by that 
way of diſtillation, leave the colours of the concretes behind them; tho', 
indeed, there are one or two vegetables, not commonly taken notice of, 
whoſe diſtill'd liquors carry over the tincture of the concrete with them. 
And as in diſtillation, ſo in ſublimation, it were worth while to take no- 
tice of what happens to our purpoſe, by performing that operation in 
conveniently ſhap'd glaſſes, wherein the colour of the aſcending fumes 
may be diſcern'd ; for it might afford a naturaliſt information, to ob- 
ſerve the agreements, or differences betwixt the colours of the aſcend- 
ing fumes, and thoſe of the flowers they compoſe by their convention. It 
is evident, that theſe flowers do, many of them, greatly differ in point of 
colour, not only from one another, but often from the concretes that af- 
ford them. Thus, tho* camphire and brimſtone afford flowers much of their 
reſpective colours, except that thoſe of brimſtone are a little paler than the 
lumps that yielded them ; yet the flowers of red benjamin are either white, 
or whitiſh. And, to omit other inftances, even that black mineral, anti- 
mony, may be made to afford flowers, ſome of them red, others grey, 
and which is more ſtrange, ſome of them purely white. And Ag 
men, by exquiſitely mixing a convenient proportion of brimſtone, ſal- 
armoniac, and quick-ſilver, and ſubliming them together, make a ſubli- 
mate of an excellent blue. And tho', upon making this experiment, we 
found the ſublimate to be far from a lovely colour, yet, in ſome parts, it 
ſeem'd bluiſh, and was, at leaſt, of a colour very different from either 
of the ingredients; which is ſufficient for our preſent purpoſe. But 
a much finer colour is promis'd by ſome empirics, who tell us, that 
orpiment ſublim'd, will afford, among the parts of it that fly upwards, 
ſome little maſſes, which, tho* the mineral it ſelf be of a good yellow, will 
be red enough to emulate rubies, both in colour and tranſparency. This 
experiment may, for ought I know, ſometimes ſucceed ; for I remember, 
that having in a ſmall bolt-head, purpoſely ſublim'd ſome powder'd or- 
piment, we could, in the lower part of the ſublimate, diſcern, here and 
there, reddiſh lines; tho* much of the upper part of it conſiſted of 
a matter not only purely yellow, but tranſparent. And we have alſo, by 
this means, obtain'd a ſublimate, which, tho? it conſiſted not of rubies, 


yet ſmall pieces of its lower part, that were numerous, afforded a plea- - 


ſant reddiſh 8 colour. 


39. Take the dry 
monly called balauſtins, pull off the reddiſh leaves, and, by a gentle 


buds, or bloſſoms, of the pomegranate-tree, com- 88 
by ſaline ſpirits 


ebullition, or a competent infuſion of them in fair water, extract a —— 
faint reddiſh tincture, which, if the liquor be turbid, you may clarify 


by the filtre ; into this, if you pour a little ſpirit of urine, or ſome other 
Vo I. II. M ſpirit, 
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ſpirit, abounding in the like ſort of volatile ſalt, the mixture will pre- 
ently turn of a dark greeniſh colour: but if, inſtead of ſuch a ſpirit, 
you drop into the u o infuſion, a little rectify d ſpirit of ſea-ſalt, the 
pale liquor will immediately grow more tranſparent, and acquire a high 
red, like that of rich claret; and this may as ſuddenly be deſtroy'd, and 
turn'd into a dirty bluiſh green, by the affuſion of a moderate quantity 
of the ſpirit of urine. This experiment gives light to two others that I met 
with in Eaſlendus. The experiments as we made them, were theſe. We took 
a glaſs of luke warm water, and therein immerg d a quantity of the leaves 
of ſena, upon which there appear d no redneſs in the water; but dropping 
into it a little oil of tartar, the liquor ſoon became reddiſh ; tho by a lit- 
tle oil of vitriol, ſuch a colour could not be extracted from the infuſed 
ſena. On the other hand, we took ſome dryed red roſe-leaves, and ſha- 
king them in a glaſs of fair water, they communicated no redneſs to it ; 
but upon the affuſion of a little oil of vitriol, the water was immediately 
turn'd red; which it would not have been, if inſtead of oil of vitriol, we had 
employ d oil of tartar. Our author tells us, there was no redneſs either in 
the water, the leaves of ſena, or the oil of tartar ; yet we have found that by 
Keeping ſena for a night in cold water, it would aftord a very deep yellow, 
or reddiſh tincture, without the help of oil of tartar ; which ſeems to do 
little more than aſſiſt the water more ſuddenly to extract a plenty of that 
red tincture wherewith the leaves of ſena abound : for having made a tin- 
Eture of ſena, only with fair water, and decanted it from the leaves before 
it grew reddiſh, we could not perceive, by dropping ſome oil of tartar into 
it, that the colour was conſiderable, tho? it were thereby a little heighten'd 
into a redneſs. And the ſame thing may be _ in the experiment 
with red roſe-leaves ; for we found that ſuch leaves, by bare infuſion; for a 
_ and a day, in fair water, aftorded a tincture bordering upon red- 
neſs; and that colour being conſpicuous in the leaves themſelves, ſeem'd 
not wholly produc'd, but extracted by the oil of vitriol. But to improve 
the experiment, take the tincture of red roſe-leaves, made with a little oil 
of vitriol, and a large quantity of fair water, pour off this liquor into a 
clear vial, half fill'd with limpid water, till ths water held againſt the 
light hath acquired a competent redneſs, without loſing its conic rency: 
into this tincture, drop, leiſurely a little ſpirit of urine ; and ſhaking the 
vial, which you muſt ſtill hold againſt the light, you will ſee the red liquor 
immediately turn'd into a fine greeniſh blue ; a colour not to be found in 
any of the bodies upon whoſe mixture it enfued. And this change is the. 
more remarkable, becauſe tho” the degeneration of blue into red, be uſual, 
the turning of red into blue, is very unfrequent. If, upon the falling of 
each drop of ſpirit of urine, you ſhake the vial containing the red tincture, 
8 may obſerve a pretty variety of colours in the paſſage of that tincture 
rom a red to a blue. And ſometimes we have thus obtain'd ſuch a 
liquor, as being view'd againſt, and from the light, ſeem'd faintly to emu- 
late the tincture of Lignum Nephriticum. And if you make the tincture of 
red-roſes very high, and, without diluting it with fair water, pour on 


the 
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but 1 
Having, alſo, made the red, and conſequently the blue tincture very tranſpa- 
rent, and ſuffer'd it to reſt in a ſmall open vial for a day or two; we found 
that not only the blue, but the red colour, likewiſe, was vaniſh'd ; the clear 
liquor remaining of a bright amber colour, at the bottom whereof ſubſi- 
ded a large, light feculency, almoſt of the ſame colour ; which ſeems to 
be nothing but the ting'd parts of the roſe-leaves, drawn out by the acid 
ſpirits of the oil of vitriol, and precipitated by the volatile ſalt of the ſpirit 
of urine. This makes it the more probable, that the redneſs drawn by 
the oil of vitriol, was as well an extraction of the tinging parts of the ro- 
ſes, as a production of redneſs. And laſtly, the colour of the tincture of 
roſes, may be chang'd by many other ſulphureous ſalts; as a ftrong ſo- 
lution of pot-aſhes, oil of tartar, ©c. tho' theſe are ſeldom fo free from 
feculency, as the ſpirit of urine becomes by diſtillation. And I have a way 
of producing a full purple, by employing a liquor not made red artificially, 


inſtead of the tincture of red-roſes ; for having by infuſing the powder of 


log-wood for a while in fair water, made that liquor red, I dropp'd into 
it a little urinous ſpirit, as that of ſal-armoniac, by which the colour was 
inſtantly turn'd into a rich and lovely purple. But care muſt be taken 
not to let fall into a ſpoonful of the tincture, above two or three drops of 
the ſpirit, left the colour become ſo deep as to make the liquor opake. 
And if inſtead of fair water, I infus'd . Wood in water, made a little 
ſour by the acid ſpirit of ſalt ; I obtain'd neither a purple, nor a red, but 
only a yellow liquor. 

40. The following experiment is very ſurprizing ; and, of all I have 
yet met with, ſeems the fitteſt to enforce our doctrine of colours, and to 
ſhew them not to be inherent qualities, lowing from the ſubſtantial forms 
of the bodies whereto they are ſaid to belong; ſince by a bare mechanical 
change of texture, inthe minute parts of bodies, colours may, in a moment, be 

enerated quite de novo, and utterly deſtroy'd : for there is this difference 
twixt the enſuing experiment, and moſt of the others we deliver, that in 
this, the colour ot a body 1s not chang'd into another, but betwixt two 
bodies, each of them, a-part, colourleſs, there is, in a moment, generated 
a very deep colour, which, if it were let alone, would be permanent; and 
yet, by a very ſmall parcel of a third body, that has no colour of its own, 
this otherwiſe permanent colour, will inſtantly be ſo utterly deſtroy'd, as 
to leave not the leaſt ſign of any colour in the whole mixture. This _ 
riment is very eaſy, and thus perform'd. Take good common ſubli- 


and colourleſs as fountain water. Then, when you would ſhow the expe- 
riment, put about a ſpoonful of it into a ſmall wine-glaſs, or other conve- 
nient veſſel, and letting fall therein three or four drops of good oil of tar- 
tar per deliquium, well filtred, that it may likewiſe be without colour, 
theſe two limpid liquors will, in the twinkling of an eye, turn into an opake 
| M 2 mixture 
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the ſpirit of urine, you may have a blue ſo deep as to render the liquor opake; Phrsics. 
Fir be dropp'd upon white paper, the colour will ſoon diſcloſe itſelf. LY WW 


A colour in- 
yy ntl 
mate, and fully ſatiate with it what quantity of water you pleaſe, care- - 2 


fully filtre the ſolution thro clean cloſe paper, that it may drop down clear fe dꝭü. 
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Parsrcs. mixture of a deep orange-colour; which, by continually ſhaking the glaſs 
in; your hand, you mult prevent from ſettling too ſoon at the bottom. And 


when the ſpectators have view'd this firſt change, preſently drop in four 
or five drops of oil of vitriol, and continuing to Hake the glaſs pretty 
ſtrongly, that it may the ſooner diffuſe itſelf, the whole colour will now im- 
mediately diſappear, and all the liquor in the glaſs become clear and colour- 
leſs, as before, without the leaſt ſediment at the bottom. But ſor the more 
neat performance of this experiment, obſerve, Firſt, not to take too much of 
the ſolution of ſublimate, nor drop in too much of the oil of tartar, to avoid 
the neceſſity of putting in ſo much oil of vitriol, as to cauſe an ebullition. 

Secondly, tis convenient to keep the glaſs conſtantly in motion, both 
for the better mixing of the liquors, and hindering, as we ſaid, the yellow 
ſubſtance from ſubſiding, which it would otherwiſe ſoon do; tho' when 
"ris 3 it will retain its colour, and be deprived of it by the oil of 
vitriol. 

Thirdly, if any yellow matter ſtick to the ſides of the glaſs, tis but 
inclining the veſſel, till the clarify'd liquor can waſh along it, and the li- 
quor will preſently imbibe it, and deprive it of its colour. 

My notion of the different natures of the ſeveral tribes of ſalts, having led 
me to deviſe this experiment; I can eaſily aſſign the chymical reaſon of the 

henomenon. Having then obſerved, that mercury, diſſolved in ſome men- 
a, would yield a dark yellow preeipitate; and ſuppoſing that common 
water, and the ſalts that ftick to the mercury, — in this reſpect, be 
equivalent to thoſe acid menſtrua which work upon the quick-ſilver, on 
account of their ſaline particles; I ſubſtituted a ſolution of ſublimate in 
fair water, inſtead of a ſolution of mercury in Aqua fortis, or ſpirit of ni- 
tre: then, conſidering that what makes the yellow colour, is indeed but a 
precipitate, obtain'd by means of the oil of tartar, which generally pre- 
cipitates metalline bodies corroded by acid ſalts ; fo that the colour in our 
caſe reſults from the coalition of the mercurial particles with the faline 
ones, wherewith they were formerly aſſociated; and with the alkaline 
particles of the ſalt of tartar, that float in the oil. Conſidering alſo, that very 
many effects of lixivious liquors upon the ſolutions of other bodies may be 
deſtroyed by acid menftrua, I concluded, that if I choſe a very ftrong acid 
liquor, which by its inciſive power might undo the work of the oil of tar- 
tar, and diſperſe again thoſe particles which the other had, by precipita- 
tion, aſſociated into ſuch minute corpuſcles as were, before, ſingly invilible, 
they would diſappear again, and conſequently leave the liquor as colour- 
leſs as before the precipitation was way his ſeems to be the chymical 
reaſon of the experiment, and is that which induced me to make it. But 
to give a perfect mechanical folution of the whole phenomenon, is more 
than I pretend to. However, the yellowneſs of the mercurial ſolution, 
and oil of tartar, ſeems produced by the precipitation occaſioned by the 
affuſion of the latter; as the deſtruction of the colour proceeds from the 
diſpation of that eurdled matter, whoſe texture is — d, and the 
matter itſelf diſſolyed into minute and inviſible particles, by the ſtrong acid 
| men- 
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menſtruum: which is the reaſon why there remains no ſediment at the Paysics. 


bottom; the infufed oil taking it up, and reſolving it into inviſible parts, 
as water diſſolves ſalt or ſugar. 

But, to confirm my conjecture as to the chymical reaſon of our experi- 
ment, I might add, that I cannot only make the mercury precipitate out 
of the firſt ſimple ſolution quite of a different colour from that mentioned; 
but if, inſtead of altering the precipitating liquor, I altered the texture of 
the ſublimate in ſuch a manner, as my notion about ſalts requires, I can 
produce the ſame phenomenon. For having ſublimed together equal parts 
of ſal-armoniac, and ſublimate, firſt diligently mixed, the aſcending flow- 
ers difſolved in fair water, and filtred, gave a ſolution limpid and colour- 
leſs, like that of the other ſublimate; and yet an alkali dropped into this 
liquor, did not turn it yellow, but white. And, upon the ſame founda- 
tion, we may with quick-ſilver, unaſſiſted by common ſublimate, prepare 
another ſort of flowers diſſoluble in water, without diſcolouring it; which 
will alſo change its colour in the ſame manner. And ſo much does the 
colour depend upon the texture reſulting from the convention of the ſeveral 
ſorts of particles, that tho', in our experiment, oil of vitriol deſtroys the 
yellow colour; yet with quick-filver, and fair water, by the help — oil of 
vitriol alone, we may eaſily make a kind of precipitate, of a fair and per- 
manent yellow; as we ſhall ſee hereafter. I here make choice of oil of 
vitriol, becauſe, when well rectified, tis not only colourleſs and ſcentleſs, 
but extremely ſtrong and inciſive. And common Aqua fortis will not per- 
form the ſame thing ſo well. 


This experiment may be ſeveral times repeated with the ſame parcels of 


the liquors ; for I found, that after I had clarify'd the orange-coloured 
mixture, by the addition of as little of the oil of vitriol as would ſuffice to 


produce the effect, I could, at pleaſure, re- produce the opake colour, by. 


dropping in freſh oil of tartar ; and deſtroy it again, by the re-aftuſion. 
of more of the acid menſtruum: tho”, by the addition of ſo much new H- 


quor, in proportion to the mercurial particles, the colour will, at length, 


appear weak and faint. 
boiling crude antimony in a ſtrong and clear lixivium, you may ſepa- 


The 


preceding 


rate a ſubſtance from it, call'd by ſome chymiſts| it's ſulphur ; which, ak. 


when let fall by the liquor, upon its refrigeration, often ſettles in flakes of 
a yellow ſubſtance. Conſidering therefore; that common fulphur, boiled 
in a lixivium, may be precipitated out of it by Rheniſh, or white-wine, 
which are ſouriſh liquors, and contain an acid ſalt; and having found, by 
tryal, that with other acid liquors I could precipitate out of lixivious ſol- 
yents, ſome other mineral concretions, abounding with ſulphureous parts, 
of which ſort is crude antimony ; I concluded: it eaſy to recipitate the an- 
timony, thus diſſolved, with the acid oil of vitriol. And tho* common ſul- 
phur yields a white precipitate, called Lac Sulphuris; yet I. ſuppoſed the 
precipitated antimony would be of a deep yellow colour; as well, if made 
with oil of vitriol, as by refrigeration, and length of time. From hence 
twas eaſy to deduce this experiment, that if we put into one glaſs 2 
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Pursꝛcs. this freſh filtred ſolution of antimony ; and into another, ſome of the 
WY VL orange-coloured mixture, made with a mercurial ſolution, and oil of tar- 
tar ; a few drops of oil of vitriol, let fall into the latter glaſs, would turn 
the deep yellow mixture into a clear liquor ; whilft a little of the ſame oil 
— into the other glaſs, preſently turn'd the moderately clear ſolution 
into a deep yellow ſubſtance. But this ſucceeds not well, unleſs you employ 
a lixivium that has lately diſſolved the antimony, and before it ſuffers it to fall: 
yet, in ſummer- time, if the lixivium have been duly impregnated, and well fil- 
tred after it is quite cold, it will for ſome days retain antimony enough to ex- 
hibit, upon the affuſion of the corroſive oil, as much of a good yellow ſubſtance 

as is neceſſary to ſatisfy the ſpectators of the poſſibility of the experiment. 
To fad what The diſtinction of ſalts into acid, volatile, and fixed or alkaline, may 
1 — poſſibly be ſo uſeful in natural philoſophy, as to render it an accep- 
volatile or fr d, table corollary of the preceding experiment, from thence to deduce a 


D method of trying which, or whether any one of thoſe ſalts is predomi- 


, Vis nant in chymical liquors. We have already ſhewn a way, by means of 


* the tincture of Lignum Nephriticum, or of ſyrup of violets, to diſcover 
whether a ſalt propoſed be acid or not; yet we can thereby only find 
in general, that particular ſalts belong not to the tribe of acids: but 
cannot determine whether they belong to the tribe of the urinous; (under 
which I comprehend all thoſe volatile ſalts of animal, or other ſubſtances, 
that are contrary to acids) or to that of alkalies : for both theſe falino- 
ſulphureous ſalts will reſtore the blue colour to that tincture, and turn 
the ſyrup of violets green. 'The preſent experiment, therefore, commodi- 
ouſly ſupplies this deficiency. I found, that all thoſe chymical ſalts I 
thought fit to make tryal of, would, if they were of a lixivious nature, 


make, with ſublimate diſſolved in fair water, an orange-tawny precipi- 
tate ; 


About the nature of ſalts, Sir]. Newton j © the ſtrong attraftion, whereby the acid 
thus argues. When mercury ſublimate | © particles ruſh upon, and agitate the 
* is re-ſublimed with freſh mercury, and | particles of the tongue? And when 
« becomes Mercurius dulcis, which is a | © metals are diſſolved in acid menſtrua, 
« white taſtleſs earth, ſcarce diſſolvable © and the acids in conjunction with theo 
« in water; and Mercurius dulcis re-ſub- | ©* metal, act after a different manner, ſo 
% limed with ſpirit of ſale, returns into | © that the compound has a different raft 
« mercury ſublimate ; and when metals | much milder than before, and ſome- 
« corroded with a little acid, turn into | ©* times a ſweet one; is it not becauſe 
« ruſt, which is an earth taſtleſs, and | © the acids adhere to the metallic parti- 
< indiffolvable in water; and this earth, | © cles, and thereby loſe much of their 
„ unbibed with more acid, becomes a | activity? And if the acid be in too 
«© metallic ſalt; and when ſome ſtones, as | © ſmall a proportion to make the com- 
« ſpar of lead, diſſolved in proper men- | © pound diſſolvable in water; will it 
" become ſalts ; do not theſe things | not, by adhering m—_ to the metal, 
„ ſhew, that ſalts are dry earth and wa- | become unactive, and fe its taſt, and 
« tery acid united by attraction; and | © the compound be « taſtleſs earth? 
that the earth will not become a ſalt | & For ſuch things as are not diſſolvable 
Without ſo much acid as makes it diſ- “ by the moiſture of the tongue, act not 
1 ſolvable in water? Do not the ſharp | © upon the taſt. As gravity makes the 


and pungent taſtes of acids ariſe from | « ſea flow round the denſer and —_— 
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tate; but if they were of an urinous nature, the precipitate would be Paygrcs. 
white and milky. So that having always at hand ſome ſyrup of violets, CFWN 


and a ſolution of ſublimate; I can, by the help of the former, immedi- 
ately diſcover whether a propoſed ſalt, or ſaline body, be of an acid na- 
ture; if it be, I need inquire no further; but if not, * very eaſily and 
readily diſtinguiſh between the other two kinds of falts, by the white, or 
orange colour, immediately produced by letting fall a few drops or grains 
of the ſalt to be examined, into a ſpoonful of the clear ſolution of ſubli- 
mate. Thus, for example, it has been ſuppoſed, that when ſal-armoniac, 
mixed with an alkali, is forced from it by the fire in cloſe veſſels, the vo- 
latile ſalt thence obtained, is but a more fine and ſubtile ſort of ſal-armo- 
niac ; which, tis preſumed, this operation only purifies more exquiſitely 
than common ſolutions, filtrations, and coagulations. But this opinion 
may eaſily be proved erroneous, as by other arguments, ſo particularly 
by our method of diſtinguiſhing the tribes of ſalts. For the ſaline ſpirit 
ſal-armoniac, as it is in many other manifeſt qualities very like the 
ſpirit of urine; fo, like that, it will inſtantly turn ſyrup of violets to a 
lovely green; a ſolution of good verdigreaſe into an excellent azure; and 
make the ſolution of ſublimate depoſite a white precipitate. Therefore, in 
moſt experiments, where I only deſign to produce a ſudden change of co- 
lour ; I ſcruple not to uſe ſpirit of fal-armoniac, when at hand, inſtead 
of ſpirit of urine ; as indeed it ſeems chiefly to conſiſt of the volatile uri- 
nous falt. And by this way of examining chymical liquors, we may not 
„ in general, conclude affirmatively, but, in ſome caſes, negatively. 
hus, ſince ſpirit of wine, and, as far as I have try'd, the chymical oils 
will not turn ſyrup of violets red, or green; nor the ſolution of ſublimate, 


4 tier parts of the globe of the earth; | © hence it ſeems to be, that ſalts are of a 


« ſo the attraction may make the watry 
« acid flow round the compaCter parti- 
« cles of earth, for compoſing the parti- 
« cles of ſalt. For otherwiſe the acid 
« would not do the office of a medium 
% between the earth and common water, 
« for making ſalts diſſolvable in the wa- 
* ter ; nor would ſalt of tartar readily 
« draw off the acid from diſſolved metals, 
«© nor metals the acid from mercury, 
« Now, as in the great globe of the earth 
* and ſea, the denſeſt bodies by their 
« gravity fink down in water, and al- 
ways endeavour to go towards the 
« centre of the globe; ſo in particles 
« of ſalt, the denſeſt matter may al- 
« ways endeavour to approach the cen- 
« tre of the particle : ſo that a particle 
« of ſalt may be compared to a chaos, 
being denſe, hard, dry, and earthy in 
the centre; and rare, ſoft, moiſt, and 
+ watry in the circumferencs, 


« laſting nature, being ſcarce deftroyed, 
« unleſs by drawing away their watry 
« parts by violence, or by lerting them 
* ſoak into the pores of the central 
« earth by a gentle heat in putrefac- 
tion, til the earth be diſſolved by the 
„ water, and ſeparated into ſmaller par- 
« ticles; which, by reaſon of their ſmall- 
„ neſs, make the rotten compound ap- 
e pear of a black colour. Hence alſo it 
% may be, that the parts of animals and 
vegetables preſerve their ſeveral forms, 
« and aſſimilate their nouriſhment ; the 
*« ſoft and moift nouriſhment eafily chang- 
« ing its texture, till it becomes like the 
% denſe, hard, dry, durable earth in the 
« centre of each particle. But when the 
« nouriſhment grows too moiſt to be aſſi- 
© milated, or the central earth grows too 
« feeble to aſſimilate it, the motion ends 
« in confuſion, putrefaction, and death.” 


And | Newton, Optic. p. 360—362» 


white 
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Pnrsics. white or yellow, I infer, with probability, that either they are deſtitute of 
9 ſalt; of have ſuch as belongs not to either of the three grand families men- 
tion d. 

And thus, upon examining the ſpirit of oak, or of ſuch like ſubſtances, 
forc'd over the retort, I found by this means, amongſt others, that thoſe 
chymiſts are much miſtaken, who make it a ſimple liquor, and one of their 
hypoſtatical principles ; for, not to mention what phlegm it may have, a 
few drops of one of this ſort of ſpirits, mix'd with a large proportion of 
ſyrup of violets, turn'd it purpliſh; by the affinity of which colour to red- N 
neſs, I conjectur d that the ſpirit contain'd ſome acid corpuſcles, and ac- f 
cordingly found, that it would deſtroy the blueneſs of the nephritic tin- 3 
cture; and that being put upon corals, it would corrode them like common 
ſpirit of vinegar, and other acid liquors. And to examine whether there 
were not a grout part of the liquor ot other than an acid nature; having ſepa- 
rated the ſour part from the reſt, we concluded, the remaining part, tho it 
had a ſtrong taſt, as well as ſmell, to be of a nature different from that 
of any of our three ſorts of ſalts ; for it did as little as ſpirit of wine, and 
chymical oils, alter the colour of ſyrup of violets, and a ſolution of ſub- 
limate : whence we alſo inferr d, that the change made of that ſyrup into 
a purple colour, was effected by the vinegar, that proved one of the in- 
8 of the liquor which uſually paſſes for a ſimple, or uncompounded 

irit. 

: And by the ſame way we may examine and diſcover many changes that 
are produced in bodies, either by nature or art; for both are able, by 
changing the texture of ſome ſubſtances, to qualify them to operate 
after a new manner, upon the ſyrup, or ſolution, Thus I have diſco- 
ver d, that there are factitious — which, tho' they run as readily as 
ſalt of tartar, belong, in other reſpects, not to the family of alkalies, much 
leſs to that of volatile or acid ſalts. Perhaps, too, I know a way of ma- 
king a highly operative ſaline body, that ſhall neither change the colour of 
ſyrup of violets, nor precipitate the ſolution of ſublimate. And I can, 
likewiſe, conceal the liquors wherewith I make ſuch changes of colours 
as thoſe lately mention d, by quite altering the texture of ſome ordinary 

chymical productions. 

We may here obſerve, that the reaſon why our method of examining 

ſalts, ſucceeds in the ſolution of ſublimate, depends upon the particular 
texture of that ſolution, as well as upon the different natures of the ſaline 
liquors employ d to precipitate it. For Id diffoly'd in Aqua regia, whether 
it be wont ayers with oil of tartar, which is an alkali, or ſpirit of ſal-ar- 
moniac, which is a volatile ſalt, will either way afford a yellow ſubſtance ; 
tho oil of vitriol, it ſelf, would not precipitate the metal out of the ſolution, 
or deftroy the colour of it; notwithitanding that oil will readily precipitate 
ſilver difloly'd in Aqua fortis. And if you diſſolve pure ſilver in Aqua for- 
tis, and ſuffer it to ſhoot into cryſtals, the clear ſolution of theſe made in 

fair water, will afford a very white precipitate, whether occaſion'd b 

an alkali, or an acid ſpirit; tho* with ſpirit of ſal- armoniac, made hoc 
| | quick- 
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quick-lime, I cou'd obtain nothing like it; this volatile ſpirit, as alſo that Pavs1cs. 
of urine, ſcarce doing any more than ſtriking down a very ſmall quantity LY WWW 


of matter, which was not ſo much as whitiſh ; ſo that the remaining li- 
quor, being ſuffer'd to evaporate its ſuperfluous moiſture, the greateſt 
part of the metalline corpuſcles, with the ſaline ones that had imbibed 
them, 2 together into ſalt; as is uſual in ſuch ſolutions, when 
the metal has not been precipitated, | 

41. From ſpirit of urine, made after fermentation, anda due propor- 
tion of copper-filings, having obtain'd a very lovely azure ſolution; 5 
into a clean glaſs, about a ſpoonful of this liquor, and found I could, by ſha- 
King into it ſome drops of . oil of vitriol, immediately deprive it of its 
deep colour, and make it look like common water. ron | if into a ſmall 
ſpoonful of a ſolution of good French verdigreaſe, made in fair water, I 
dropp'd and ſhook ſome itrong ſpirit of ſalt, or dephlegm'd Aqua fortis, 
the greenneſs of the ſolution would, in a trice almoſt, totally diſappear, 
and the liquor, held againſt the light, ſcarce: appear other than clear, or 
limpid ; which is therefore remarkable, becauſe we know, that Aqua fortis, 
by corroding copper, the thing which gives the colour to verdigreaſe, uſually 
reduces it to a greeniſh blue ſolution. But if into this almoſt colourleſs 
liquor, you drop a juſt quantity either of oil of tartar, or ſpirit of urine, 
you may find, that after the ebullition is ceas'd, the mixture will diſcloſe 
a lively colour, tho ſomewhat different from that the ſolution of verdigreaſe 
had 1 


42 


entirely to deſtroy it, without giving it a ſucceſſor; I had a deſire to 


ut theſe experiments tending either to alter the colour of a body, or One body chan: 
alſo, ged into more, of 


different colours, 


turn a body of one colour into two, very different both in conſiſt- by a colourleſs 
ence and colour, by help of one that was colourleſs. In order to this,“ 


finding the acidity of ſpirit of vinegar to be wholly deſtroy d, by worki 

— — 1 that the ſolution of lead in int I vine = 

would alter the colour of the juices and infuſions of ſeveral plants, after 

the manner of oil of tartar ; and, accordingly, I was quickly ſatisfied, 

upon trial, that the infuſion of roſe-leaves would, by a ſmall quantity of 

this ſolution, well mix'd with it, be immediately turn'd into a ſaddifh 
een. 

And further, I had often found, that oil of vitriol will precipitate 
many bodies, both mineral and others, diffolv'd not only in Aqua fortis, 
but particularly in ſpirit of vinegar. I had alſo found, that the pow- 
ders precipitated by this liquor, were uſually fair and white. Laying 
theſe * together, twas not difficult to conclude, that if upon a tincture 
of red roſe- leaves, made with fair water, I dropp'd a quantity of a ſtrong 
ſolution of Minium, the liquor would be . into the like muddy green 
ſubſtance, whereto oil of tartar would reduce it; and that a convenient 
proportion of oil of vitriol, would have two diſtinct operations upon 
the mixture; the one, to precipitate the diſſolvd lead in the form of 
a white powder ; the other, to clarity the muddy mixture, and both 
reſtore, and exceedingly heighten the redneſs of the infuſion of roſes : 

Vor. IL N and 
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Phxsrcs. and making the experiment accordingly, in a conical glaſs, that the ſubſiding 


Experiments and Obſervations 


powder might ſeem {to poſſeſs the more ſpace, and be the more conſpi- 
cuous ; I found, upon ſhaking the green mixture, that the colour'd li- 
quor might be the more equally diſpers'd, a few drops of the rectiſied 
oil of vitriol, preſently turn'd the opake liquor into one that was clear 
and red, almoſt like a ruby ; and threw down a large quantity of a pow- 
der, which, when ſettled, would have appeared very white, if ſome inter- 
ſpers'd particles of the red liquor had not a little allay'd the purity, tho' 
it did not blemiſh the beauty of the colour. 
And to ſhow that chef effects flow from the oil of vitriol, as it is 
a ſtrong acid menſtruum, that has the property both to precipitate lead, 
as well as ſome other ſubſtances, out of ſpirit of vinegar, and to heighten 
the colour of red roſe- leaves; I have done the ſame thing, tho', perhaps, 
not quite ſo well, with ſpirit of ſalt, but could not do it with Aqua fortis; 
becauſe tho that potent menſtruum, as well as the others, heightens the 
redneſs of roſes, yet it would not, like them, precipitate lead out 
ſpirit of vinegar, but rather diſſolve it. And as, by this way, we have 
produc'd a red liquor, and a white precipitate, out of a dirty green ma- 
giſtery of roſe-leaves ; ſo, by the ſims method, we may produce a fair 
yellow, and ſometimes a red liquor, and the like precipitate out of an 
infuſion of a curious purple colour. For, I lately intimated, that I had, with 
a few drops of an alkali, turn'd the infuſion of log-wood into a lovely 
urple ; but if, inſtead of that alkali, I ſubſtituted a very ſtrong, and well- 
tred ſolution of Minium, made with ſpirit of vinegar ; and took about 
half as much of this liquor as there was of the infuſion of log-wood ; a 
convenient proportion of ſpirit of ſalt, would, if the liquors were briskly 
ſhook together, preſently ſtrike down a precipitate like the former, and 
turn the liquor that ſwam above it, for the moſt part, into a lovely yellow. 
But to advance this experiment a little further, I conſider'd, that in 
caſe I firſt turn'd a ſpoonful of the infuſion of log-wood purple, by a 
convenient proportion of the ſolution of Minium; the affuſion of ſpirit of ſal- 
armoniac, would precipitate the corpuſcles of lead, conceal'd in the ſolution 


of Minium, and yet not deſtroy the purple colour of the liquor ; whereupon 


I thus proceeded. I took about a ſpoonful of the freſh tincture of log-wood, 
(for if it be ſtale, the experiment will not always ſucceed) and having put to 
it a convenient proportion of the ſolution of Minium, to turn it into a 
deep and almoſt opake purple; I then dropp'd in as much ſpirit of ſal- 
armoniac as I gueſsd would precipitate about half the lead; and imme- 
diately ftirring the mixture well together, I mix'd the precipitated parts 
with the others, ſo that they fell to the bottom, partly in the form of a 
powder, and partly in the * of a curdled fubſtance, that retain d, as 
well as the upper liquor, a bluiſh purple colour, ſufficiently deep; and 
then inſtantly pouring in a pretty quantity of ſpirit of ſalt, the matter 
firſt precipitated, was, by the conical figure of the glaſs, preſerv'd from 
the ſpirituous ſalt, which ſuddenly precipitated upon it a new bed of white 


powder, or the remaining corpuſcles of the lead, that the urinous ſpirit had 
not 
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not ſtruck down; ſo that there appear d in the glaſs, three diſtinct and 
very differently colour ' d ſubſtances; a purple, or violet- colour d precipitate 
at the bottom; a white and carnation precipitate over that; and, at the 
rop of all, a tranſparent liquor, of a lovely yellow, or red. 

Thus, tho' to ſome, I may ſeem to have hit on this, and the like expe- 
riments, by chance; whilſt others imagine they proceed from ſome extraor- 
dinary inſight into the nature of colours ; yet, indeed, the contrivance of 
them need not to be look'd upon as any great matter, in one who 1s a 
little vers'd in my notions about the differences of ſalts. 

43. That the colour of a body may be chang'd by a liquor, which, of 
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Changes of co- 


lours produced in 


it ſelf, is colourleſs, provided it be ſaline, we have already ſhewn by a mul- a ary, white be- 
titude of inſtances; and the thing does not appear —_ becauſe ſaline 2% Pt 


articles ſwimming up and down in liquors, have been often obſerv'd to 
act powerfully in the production and change of colours: but it has ſeem'd 
ſurprizing to many, unacquainted with chymical operations, that a white 
dry body ſhould immediately acquire a new rich colour, upon the bare af- 
fuſion of clear ſpring water. And yet the way of producing ſuch a change 
of colours, may be eaſily hit on by thoſe who often make ſolutions of mer- 
cury. For we have try'd, that tho' by evaporating a ſolution of quick- 
filyer in Aqua fortis, till the remaining matter began to be tolerably dry, fair 
water, pour'd on the remaining calx, turn'd it but a little yellowiſh ; yet, 
when we took good quick-ſilver, and three or four times its weight of oil 
of vitriol, and in a glaſs retort drew off the ſaline menſtruum from the me- 
talline liquor, till there remain'd a dry ſnow-white calx at the bottom; 
upon pouring on it a large quantity of fair water, we did, almoſt in a 
moment, perceive it to paſs to one of the lovelieſt light yellows that ever 
we beheld. And the turbith mineral is of a colour not much inferiour to 
this; tho' it be often made with a different proportion of the ingredients, 
and after a more troubleſome manner. But this colour, tho? ſo exquiſitely 
fine, and ſo greatly wanted by painters, is, I fear, too coſtly to be em- 
ploy d by them, unleſs about curious pieces; tho? I do not know how well 
it will agree with every pigment, eſpecially with oil-colours. 

And whether this experiment be really of another nature, than thoſe 
wherein ſaline liquors are employ'd, may be ſo plauſibly doubted, that 
whether the water pour'd on the calx, do barely, upon imbibing ſome 
of its ſaline parts, alter its colour, changing its texture; or whether by 
diſſolving the coagulated ſalts, it becomes a ſaline menſtruum, and, as 
ſuch, operates upon the mercury, I leave to be conſider d. I have, how 
ever, ſeveral times, with fair water, waſh'd from this calx abundance of 
ſtrongly-taſted corpuſcles, which, by the abſtraction of the menftruum, I 
could reduce into ſalt. 

But, to ſhew how much a real and permanent colour may be call'd out 
by a liquor that has neither colour, nor ſo much as ſaline, or other active 
parts; provided it can but bring the parts of the body it imbibes, to convene 
into cluſters, diſpos'd after a particular manner, we made the following 


experiment. wy a 
N 2 44. We 
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 Paysics, 44. We put ſome powder of good common vitriol into a crucible,' and 
LYN kept it melted in a gentle heat, till, by the evaporation of ſome parts, and 
—— zy the tranſpoſition of the reſt, it had quite loſt its former colour-; what re- 
« particular af. main'd we took out, and found it to be a friable calx, of a dirty grey 
a colour: on this we pour'd fair water, which it did not tinge either green 
or blue, but only ſeem'd to make a muddy mixture with it ; then ſtopping 
the vial wherein the ingredients were, we let it ſtand in a quiet place for 
ſome days. The water having now diſſolv'd a large part of the imperfectly 
calcin'd body; the vitriolic corpuſcles ſwimming to and fro in the liquor, 
had time, by their occurſions, to conſtitute many little maſſes of vitriol, 
which gave the water they impregnated, a fair vitriolic colour ; and this ; 
liquor being pour'd off, the remairing dirty powder, in time, communica- 5 
ted the like colour, but not ſo deep, to a ſecond parcel of clear water, 
that we pour d on it. | 
Various a, 45 · It may contribute to ſhew how much ſome colours F en upon the 
dent parts of leſs or greature mixture, and contemperation of light with ſhades, to ob- 
the ſame liquor. ſerve how the number of particles of the ſame colour, either receiv'd into 
the pores of a liquor, or ſwimming up and down in it, may ſeem greatly 
to vary the colour of it. I could produce ſeveral inſtances of ſolid 
bodies, wherein, if the colour be not a light one, as white, yellow, or the 
like, the cloſeneſs of parts in the pigment, makes it look blackiſh ; tho 
when laid on but thinly, it will, perhaps, appear blue, green, or red: 
but I ſhall rather inſiſt upon liquors, than dry bodies. | 
If, then, you put alittle fair water into a clear ſlender vial, and let fall into 
it a few drops of a ſtrong decoction, or infuſion, of cochineal, qr of brazil, 
the ting'd drops will deſcend like little clouds into the liquor, thro* which, 
if by ſhaking the vial, you diffuſe them, they will turn the water of a 
ink colour; by dropping in a little more of the decoction, you may 
eighten the colour into a * red, almoſt like that of rubies; and by 
continuing the affuſion, the liquor may be brought to a kind of crim- 
fon, and afterwards to a dark opake redneſs. And whilſt the li- 
quor paſſes from one of theſe colours to the other, you may obſerve 
many leſs noted colours, bordering upon red, to which. it is not 
eaſy to aſſign names; eſpecially conſidering how much the proportion of 
the decoction to the fair water, and the ftrength of that decoction, may, 
with other circumſtances, vary the phenomena of this experiment. But, 
to make it with the greater conveniency, we uſe, inſtead of a vial, a 
flender pipe of glaſs, of about a foot in length, and about the thickneſs 
of a man's little finger : for, if leaving one end of this tube open, you 
ſeal up the other hermetically, or otherwiſe exactly ſtop it, you have a 
glaſs, wherein may be obſerv'd, the variations of the colours of liquors, 
much better than in large vials; and wherein experiments of this 
nature, may be made with 'very ſmall quantities of liquor. And in 
this pipe, may be produc'd various colours, in the yarious parts of the 
liquor, and be kept long ſwimming upon one another, unmix d. 
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It has excited the admiration of ſome perſons to ſee what a variety of Physics. 


colours we have ſometimes produced in ſuch glaſſes, by the bare infuſion 
of brazil, variouſly diluted with fair water, and altered by the infuſion of 
ſeveral chymical ſpirits, and other ſaline colourleſs liquors ; and when the 
whole mixture is reduced to an uniform degree of colour, I have made it 
appear to be of colours gradually differing, by pouring it into glaſſes of a 
conical figure. Or even take a large round vial, fill it with the red infuſion 
of brazil, hold it againſt the light, and you will diſcern a notable diffe- 
rence betwixt the colour of that part of the liquor which is in the body 
of the vial, and thatwhich is more pervious to the light, in the neck. 


I once had a glaſs, and a blue liquor, which was chiefly a certain ſo-— 
lution of verdigreaſe, ſo fitted, that tho“ in other glaſſes the experiment 


would not ſucceed ; yet when this particular glaſs was filled with that 


ſolution, it appeared in the body of the vial of a lovely blue, and in the - 


neck of a manifeſt green. I had alſo, a broad piece of glaſs, which 
being viewed againſt the light, ſeem'd clear — ; and, held from the 


light, appeared very little diſcoloured : yet it was a piece knock'd.off from 
a great lump of glaſs, to which if we rejoin'd it, where it had been bro- - 


ken off, the whole mals appeared yu as graſs. 
I have, likewiſe, ſeveral times u 


green, the ſtopple was o 
poſſible they ſhould be the ſame materials. And I have by me a flat 
glaſs, on which, if I look againſt the light with the broad ſide obyert- 
ed to my eye, it appears like a ordinary window-glaſs ; but if I 


turn the edge of it to my eye, and ſtand in a convenient poſition, with re- 


gard to the light, it emulates an emerald. | 


I have ſometimes made a fluid kind of pigment, which, dropped on a 


piece of white-paper, appears, where any quantity . of it falls, of a 


crimſon colour; but, being ſpread thinly on the paper, preſently exhibits - 


a fair green. 
Let me add, that having made many experiments with that blue ſub- 


ſtance, called by the-painters litmaſe ; we have ſometimes obſerved, that - 


being diſſolved in a due proportion of fair water, the ſolution, either op- 
— 
colour, betwixt crimſon and purple; yet, when ſpread very thin on the 
PAPErs and ſuffered to dry there, the paper was thereby ain'd of a fine 
lue: This experiment alſo ſucceeded, when made on a flat piece of pure 
white glazed earth. And having let fall a few drops of the ſtrong infu- 
fion of this-litmaſe, in fair water, into. a fine cryſtal glaſs, ſhaped like an 
inverted cone, and almoſt fill'd with clear water; I had the, pleaſure to 
ſee theſe few tinged drops, variouſly diſperſing themſelves thro* the lim- 
== water, exhibit many colours, or varieties of purple- and crimſon. 
at when the corpuſcles of the pigment ſeem'd. to have equally. diftuſed 
themſelves thro' the whole; by adding to it two or three drops of ſpirit of 


ſalt, we perceived it firſt made an odd change in the colour of the liquor, 
| as 


ed bottles and ſtopples, both made of the 


very ſame metal ; and yer whilſt the bottle appeared. only inclining to 
ſo deep a colour, that it could hardly be ht. 


to the light, or dropped upon white paper, appeared of a deep 
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well as a viſible commotion among its ſmall parts, and in a ſhort time 


& changed it wholly into a very glorious yellow, like that of a topaz. After 


there would alſo ariſe there a purple, or a cri 
unaltered part of the yellow liquor appeared intercepted betwixt the two 


ſion to obli 


this, 1 I let fall a few 2 of a ſtrong heavy ſolution of pot-aſhes, 
whoſe weight would quickly {ink it to the ſharp bottom of the glaſs ; there 


would ſoon appear four very pleaſant and diſtinct colours: viz. a faint 


bright one, at the ſharpeſt part of the glaſs; a purple, a little higher ; a 


? deep and glorious crimſon, in the confines betwixt the purple and the yel- 


low ; and an excellent yellow, the ſame that before adorned the whole li- 
quor, reaching from thence to the top of the glaſs. And if I poured, very 


ently, a little ſpirit of ſal-armoniac upon the 2 part of this yellow, 
on, or both; ſo that the 


neighbouring colours. Hence we need not be ſurprized at the tricks of 
thoſe mountebanks, who are commonly called water-drinkers. For tho 
not only the vulgar, but many perſons far above that fank, have won- 
dered to ſee a man, after drinking large quantities of fair water, return 
it in the form of claret, ſack, — milk; yet having by chance had occa- 
a wanderer, who made a profeſſion of this, and other 
juggling tricks, he ingenuouſly confeſſed to me, that the art conſiſted rather 
in a few tricks than any great skill in altering the nature and colours of 
things. And I ſuſpect there may be a great deal of truth in a little 
pamphlet, printed long ago in Engliſh; wherein the author undertakes to 
diſcover, from the confeſſion of ſome of the accomplices themſelves, that a 
famous water-drinker, then much admired in England, performed his 
pretended tranſmutations of liquors by the help of two or three inconſi- 
derable preparations and mixtures if obvious fluids; and chiefly of an 
infuſion of brazil variouſly diluted and made pale, yellowiſh, Cc. with 
vinegar. And, for my part, what moſt ſurprizes me in this affair, is, that 
the drinkers can take down ſo much water, and ſpout it out again with 
violence ; tho* cuſtom, and a vomit ſeaſonably taken before-hand, may in 


' ſome of them 8 facilitate the work. But as for the changes they 
4 | 


make in liquors, thoſe are but few and light. 


Changes of - 46. Helmont uſed to make a preparation of ſteel, which a very ingenious 


＋ 


Anum. 


ff pros chymiſt ſometimes employs for a Succedaneum to the ſpaw-waters ; di- 


BEES 
mm, water. And tho' this preparation be almoſt of the colour of a German 


luting this Eſſentia Martis liquida, as he calls it, with a due proportion of 


amethyſt, and conſequently remote from green ; yet a very few drops of it 
being let fall into a large proportion of Rheniſh, or white-wine, it immediate- 
ly turns them to a lovely green. By which phenomenon we may learn how 
requiſite it is in experiments, about the changes of colours, carefully to 
regard the circumſtances of them ; for water will not, as I have 2 
ly try'd, concur to the production of any ſuch green; nor did it give 
that colour to moderate ſpirit of wine, wherein J diſſolved it: and wine 


Itſelf is a liquor that few would ſuſpect able, of a ſudden, to work 2 
y 


ſuch change in a metalline preparation of this nature. And to fatis 


myſelf that this new colour proceeds rather from the peculiar texture 75 
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the wine, than from any greater acidity that Rheniſh, or white-wine 
has, in compariſon of water ; I ſharpened the ſolution of this eſſence in 
fair water, with a large quantity of ſpirit of ſalt; and then the mixture 
acquired no greenneſs. 

To vary the experiment a little, I try'd, that if into ſome Rheniſh wine 
made green by this efſence, I dropped an alkaline ſolution, or urinous ſpi- 
rit ; the wine would preſently grow turbid, and of an odd dirty colour. 
But if, inſtead of diſſolving the eſſence in wine, I diſſolved it in fair water, 
ſharpen'd with a little ſpirit of ſalt ; then either the urinous ſpirit of ſal- 
armoniac, or the ſolution of the fixed ſalt of pot-aſhes, would immediately 
turn it of a yellowiſh colour; the fixed or urinous ſalt precipitating the 
vitriolic ſubſtance contained in the eſſence. And as our eſſence imparts a 

eenneſs to wine, but not to water; Olaus Wormius tells us of a rare 

ind of turn-ſol he had, whoſe beautiful redneſs would be eaſily commu- 
nicated to water, but ſcarce to wine, and not at all to ſpirit of wine: in 
which laſt circumſtance it agrees with our eſſence, tho* they diſagree in 
other particulars. : 
47. I have often taken notice, that metals, as they appear to the 
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eye, before they come to be altered by other bodies, exhibit colours very i, 4iferent 
different from thoſe which the fire, or a menſtruum, either ſeparately or fates 
conjointly, produce in them; eſpecially conſidering, that theſe metalline 
bodies are, after all their diſguizes, reducible not only to their former 


conſiſtence, and other more eſſential properties, but to their colour too 
as if nature had given them an external and an internal colour. But, upon 
a more attentive conſideration of this difference of colours, it ſeems probable 
to me, that many of thoſe we call internal, are rather — by the 
coalition of metalline particles with thoſe of the ſalts, or other bodies 


employ'd to work on them, than by the bare alteration of the parts of 


the metals themſelves. Of theſe adventitious colours of metalline bodies, 
the chief ſorts ſeem to be three; viz. ſuch as are produced by the ſole 
action of the fire; ſuch as emerge from the coalition of metalline par- 
ticles, with thoſe of ſome menſtruum employ'd to corrode, or precipitate 
the metal; and, laſtly, the colours afforded by metalline bodies, either 
joerg with, or otherwiſe penetrating into others, eſpecially ſuch as are 
uſible. 

As to the firſt of theſe colours; *tis well known to chymiſts, that 
tin calcined by fire alone, affords a white calx; and lead, by the fame 
means, yields that common red powder we call Minium; copper allo, cal- 
cined per ſe, by a long or violent fire, gives a very dark or blackiſh 
powder; iron, likewiſe, may, by the action of reverberated flames, be 
turn'd into a colour almoſt like that of ſaffron, as we ſee in the prepa- 
ration of Crocus Martis per fe; and mercury, by the power of fire, will 
be turn'd into a red powder, call'd precipitate per ſe. | 

Beſides, the ſame metal may, by the ſucceſſive operations of the fire, 
receive ſeveral adventitious colours; as is evident in lead, which, before 
it 1 at ſo deep a colour as that of Minium, may paſs thro' _— 
otners. or 
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Ppnrsics. And, not only the Cakes, but the glaſſes of metals, vitrify'd per ſe, may have 
«colours different from the obvious or natural colours of the metal; as I 
have obſerved in the glaſs of lead, made by long expoſing that metal crude 
to a violent fire. I have likewiſe ſeen a piece of very dark glaſs, which an 
ingenious artificer, who ſhewed it me, profeſſed he made of ſilver alone, 
by an extreme violence of the fire. 

Minerals alſo, by the action of the fire, may be brought to afford co- 
Jours very different from their own; as was obſerved about the va- 
Tiouſly coloured flowers of antimony. To which we may add, the whitiſh 

ey colour of its calx, and the yellow or reddiſh one of the glaſs, into 
which that calx may be fluxed. And vitriol, calcined with a very gentle 
heat, and afterwards with higher degrees of it, may be made to paſs 5 
thro' ſeveral colours, before it deſcends to a dark purpliſh.one, whereto £ 
a ſtrong fire will at length reduce it. 

48. The adventitious colours produc'd in metals, by ſaline liquors, are 
many of them, well known to chymiſts. That gold, diſſolv'd in Aqua 
regia, communicates its own colour to the menſtruum, is a common ob- 
ſervation; but the ſolutions of mereury, in Aqua fortis, are not generally 
obſery'd to give any notable tincture to the menſtruum ; tho* ſometimes, 
when the liquor firſt falls upon the quick-ſilver, I have obſerv'd a very 
remarkable greenneſs, or blueneſs to be produc'd. Tin, corroded by Aqua 
Fortis, till the menſtruum will work no farther on it, becomes exceeding 
white; and eaſily, of it ſelf, acquires the conſiſtence not of a metalline 
.calx, but of a coagulated matter, ſo like either to curdled milk, or 
-curdled whites of eggs, that a perſon unacquainted with ſuch ſolutions, 
might eaſily be miſtaken in it. But when I purpoſely .prepar'd a men- 
ſtruum that wou'd diſſolve it, as Aqua fortis diſlolves ſilver, not barely 
corrode it, and quickly let it fall again; I remember no particular co- 
Jour in the ſolution : as if the more whitiſh metals did not much tinge their 
menſtrua, tho the high-colour'd ones, as gold and copper, do. For lead 
diſſolv d in ſpirit of vinegar, or Aqua fortis, gives a clear ſolution : and, 
if the menſtruum be abſtrakted. appears either diaphanous, or white. And 
tis worth noting, that tho* when iron is diſſolv d in oil of vitriol, diluted 
with water, it aftords a ſalt, or magiſtery, ſo like in colour, as well as 
Tome other qualities, to green vitriol, that chymiſts properly call 
it, Vitriolum Martis ; yet, by changing the menſtruum, and pouring 
upon the filings of ſteel, Aqua fortis, inſtead of oil of vitriol, I ob- 
tain'd not a green, but a — ſolution, or rather a thick li- 
quor, of a deep yellowiſh red. Common ſilver, diflolv'd in Aqua fortis, 
yields a ſolution ting d like that of copper; which is not to be wonder d 
at, becaule, in coining ſilver, they give it an allay of copper; and what is 
old for. refin'd ſilver is not ſo perfectly free from that ignobler metal, but 
that a ſolution of it in Agua fortis will give its tincture to the menſtruum. 
But we could not obſerve, upon the ſolution of ſome ſilver perfectly reſin'd, 

© that the menſtruum, tho held againſt the light, in a cryſtal vial, manifeſtly 
diſclos'd':any tincture; only it ſometimes ſeem'd not quite deſtitute of a 
very faint bluiſh caſt. | But 
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But, of all the metals, there is not one which ſo eaſily and conſtantly Physics. 


diſcloſes its colour as copper. For, in acid menſtrua, as Aqua fortis, and 
ſpirit of vinegar, it not only gives a bluiſh green ſolution; but if it be al- 
moſt any way corroded, it appears of one of thoſe two colours. And ſo 
conſtant is the diſpoſition of copper, notwithſtanding the diſguize artiſts put 
upon it, to diſcover its colour, that we have, by Rho it up with ſal- 
armoniac, obtain'd a ſublimate of a bluiſh caſt. Nay, a famous chymiſt 
affirms, that the very mercury of it is green ; but till he teaches us an in- 
telligible way of making ſuch a mercury, we muſt content ourſelves 
to ſay, that we have had a cupreous body precipitated out of a diſtill'd 
liquor, which ſeem'd to be the ſulphur e that metal, and even when 
flaming, appear'd of a greeniſh colour. And, indeed, copper is a metal 
ſo eaſily wrought upon, by liquors of ſeveral kinds, that, I might ſay, 
I know not any mineral which concurs to the production of ſuch a variety 
of colours, as copper difloly'd in ſeveral menſtrua, viz. ſpirit of vinegar, 
Aqua fortis, Aqua regia, ſpirit of nitre, of urine, of ſoot, oils of ſeveral kinds, 
&c. if the variety of them were not comprehended within the limits of 


greeniſh blue, or bluiſh green. 


But being deſirous to try if I could not with crude copper make a 
green ſolution, without the bluiſhneſs that uſually accompanies it, I 
concluded upon two menſtrua, which, tho* I had not known employ'd to 
work on this metal, prov'd ſucceſsful ; the one was ſpirit of ſugar, and 
the other, oil, or ſpirit of turpentine, which affords a fine green ſolution, 
uſeful on ſeveral occaſions. And yet to ſhew that the adventitious co- 
lour may reſult as well from the true and permanent copper it ſelf, as 
the ſalts wherewith *tis corroded ; if you take a piece of good Dantzick 
copperas, or any other vitriol wherein copper is predominant, and having 
moiſten'd it with fair water, rub it upon a bright piece of iron, or ſteel x 
it will (as we have formerly ſaid) preſently ſtain it with a reddiſh colour, 
like that of copper. | 

We have ſometimes try'd what colours ſuch minerals as tin-glaſs, 


antimony, ſpelter, Oc, would yield in ſeveral menſtrua. The like we have 


alſo done with ſtones ; among which, that famous one call'd by Helmont, 
Paracelſus's Ludus, has afforded in menſtrua able to diſſolve fo ſolid a 
ſtone, ſometimes a yellowiſh, and ſometimes a red ſolution. And from mi- 
nerals I have obtain'd, with ſeveral menftrua, very different colours ; and 
ſome ſuch, as, perhaps, would ſcarce be expected from ſuch bodies. 

The colours of metals may, in many caſes, be further alter'd, by em- 
ploying either precipitating ſalts, or other convenient ſubſtances, to act 
upon their ſolutions. If quick-ſilver be diſſcly'd in Agua fortts, and preci- 
pitated out of the ſolution, either by water impregnated with ſea- ſalt, or 
the ſpirit of that concrete, it falls to the bottom in the form of a white pow- 
der; but if precipitated with an alkali, it affords a yellowiſh powder: and 
if no precipitation be made; and the menſtruum be drawn off with a con- 
venient fire, the corroded mercury will remain at the bottom, and may be 


made to _ of different mann different degrees of heat. 


Vor. 'Thus 
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Thus having abſtracted Aqua fortis from ſome quick-ſilyer that we had 
diſſolv d in it, till there remain'd a white calx : by expoſing that to ſeveral 
degrees of fire, and afterwards to a naked one, we obtain'd ſome new 
colours ; and at length, the greateſt part of the calx lying at the bottom 
of the vial, and being brought partly to a deep yellow, and partly to a 
red colour, the reſt appear'd elevated to the top and neck of the vial ; ſome 
in the form of a reddiſh, and ſome of an aſh-colour'd ſublimate. And 
even the ſuccedaneum to a menſtruum, may ſometimes ſerve to change the 
colours of a metal. The lovely red, which painters call vermilion, is made 
of mercury, which appears of the colour of ſilver ; and of brimſtone, which 
reſembles that of gold, ſublim'd up together in a certain proportion. 

49. The third of the principal Lin s of adventitious colours in metals, 
is that produc'd by aſſociating them, eſpecially when calcin'd with other 
fuſible — and eſpecially Venice, and other fine colourleſs ſorts of 
glaſs. | 
I formerly gave an example of a metal, imparting a colour to glaſs, 
very different from its own, in ſhewing how filver turns it to a 28 
golden colour; I ſhall now add, that tho' I learn'd from one of the chi 
artificers in painted glaſs, that thoſe of his trade colour it yellow, with a 
(+7 1g of the calx of ſilver; yet, having mix'd a few grains of 

ell-filver, ſuch as is em loy'd with the pencil and pen, with a conve- 
nient proportion of powder'd cryſtal- fs, and kept them for two or 
three hours in fuſion, I was ſurpriz'd to find the melted maſs appear, 
upon ns the crucible, of a lovely ſapphirine blue: which made me 
ſuſpect my ſervant might have brought me a wrong crucible ; but he 
eonſtantly affirm'd it to be the ſame wherein the liver was put ; and 
conſiderable circumſtances countenanc'd his afſertion : whence, till farther 
trial, I 3 either that ſilver, which is not very probable, brought to a 
perfect fuſion with glaſs, may impart other colours thereto, than when neal'd 
upon it; or elſe, which is leſs unlikely, that tho filver-beaters uſually 
chuſe the fineſt coin they can get, as that which ſpreads moſt under the 
hammer; yet the leaf-filver, whereof this ſhell-{{lver was made, might 
me Hh ſo much copper, as to give the predominant tincture to the 

S. 
E Take it, as another inſtance of the adventitious colours of metals, that 
tho” copper, calcin'd per ſe, affords but a dark and baſely colour'd calx, 
yet the I tinge their glaſs green therewith. And, I remember, 
when taking ſome crude copper, and by frequent ignition, and quenching 
it in water, till we had reduced it to a darkiſh-colour'd powder ; 
and afterwards keeping it in fuſion in about a hundred times its weight 
of fine glaſs, we obtain'd a blue-colour'd maſs, which wou'd, perhaps, 
have been green, if we had hit upon the right proportion of the materials, 
the degree of fire, and the time wherein it ought to be kept in fuſion. 
But tho? copper thus gives ſomewhat near the like colour to glaſs, that it 
communicates to Aqua fortis; 1 ſeems worth inquiring, whether thoſe 


new colours, which mineral es diſcloſe in melted glaſs, proceed _ 
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the coalition of the corpuſcles of the mineral with the particles of the Parscs. 


glaſs, or from the action of the alkaline ſalt (a principal ingredient . 


of glaſs) upon the mineral body; from the concurrence of both theſe 
cauſes, or from any other. 

We may obſerve, that putty, made by calcining together a proportion 
of tin and lead, as it is it{elf a white calx; ſo it turns the matter of the 
purer ſort of glaſs, wherewith it is melted, into a white maſs ; which, if it 
prove opake enough, is employ'd for white amel. 

When the materials of glaſs, melted with calcin'd tin, have compo- 
ſed an opake white maſs; tis made the baſis of all thoſe fine con- 
cretes the goldſmiths, and ſeveral artificers employ in the curious art of 
enamelling : for this white fuſible ſubſtance receives and preſerves the 
_—_ many other mineral ſubſtances, which, like it ſelf, will endure 
the fire. | 

And, as it appears, that ſeveral minerals will impart to fuſible maſſes, 
colours different from their own ; ſo, by the making and compounding of 
-amels, it is manifeſt, that many bodies will both retain their colour in the 
fire, and impart the ſame to ſome others wherewith they were vitrify'd. 
'Thus we formerly ſaw, that a blue and yellow compoſed a green amel. 
And tis pretty to ſee, that ſome colours are of ſo fixed a nature, as to be 
capable of mixture, without receiving any damage from the fire ; and 
that mineral pigments may be mix'd by it, almoſt as regularly and ſuc- 
—_— as the vulgar colours, by the help of water, in the vats of 

ers. 

Both metalline, and other mineral bodies, may be employ d to give tin- 
ctures to glaſs; and tis worth obſerving, how ſmall a quantity of ſome 
mineral ſubſtances will tinge a comparatively vaſt proportion of it, 
We have ſometimes attempted to colour glaſs even wh recious ſtones z 
and had no cauſe to think the experiment ill beſtow'd. Tis known that 
the artificers in glaſs tinge their metal blue, with that dark mineral, zaffora, 
which ſome would have to be a mineralearth ; others, a ſtone ; and others, 

in, neither; but it is confeſſedly of a dark, not a blue colour. Tis, 
likewiſe, a remarkable practice among them, that they employ manganeſe 
to exhibit in glaſs, not only other colours than its own, (wherein it is ſo 
like to the load-ſtone, that it is given by mineraliſts for one reaſon of its 
Latin name Magneſia) but colours different from one another: for tho' they 
uſe it to clarify their glaſs, and free it from that bluiſh greeniſh colour, 
which it wou'd otherwiſe be ſubject to; yet they alſo employ it in cer- 
tain proportions, to tinge their metal, both with a red colour, and with a 
liſh, or murrey ; and, by putting in a greater quantity, they alſo make 
with it that deep obſcure glaſs, which paſſes for black. And this agrees 
very well with what we — obſerv d of the apparent blacknels of 
thoſe bodies that are over=charg'd with the corpuſcles of ſuch pigments, as 
are red, blue, green, c. 
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And as by ſeveral metals, and other minerals, we can give various oo- 
lours ro glaſs; ſo, on the other hand, from the different colours that mineral 
ores, or other mineral powders, by being melted with glaſs, diſcloſe 
therein, a probable conjecture may be often made of the metal, or known 
mineral, that a propos'd ore either contains, or is neareſt allied to. 
And this eaſy method of examining ores, may, in ſome caſes, prove very 
ſerviceable ; but great circumſpection is requiſite to keep it from proving 
fallacious, upon account of the variations of colour, producible by the diffe- 
rent proportions that may happpen, betwixt the ore and the glaſs ; by the 
richneſs and poorneſs of the ore it ſelf; by the degree of fire ; and eſpeci- 
ly by the length of time, during which the matter is kept in fuſion. 

here is another way, different from thoſe already mentioned, whereby 
metals may be brought to exhibit adventitious colours. And, in this caſe, 
the metal does not ſo much impart a colour to another body, as receive 
one from it ; or rather, both bodies, by the new texture reſulting from 
their mixture, produce a new colour. I will not here inſiſt upon the ex- 
amples afforded us by yellow orpiment, and common ſea-falt ; from 
which, ſublimed together, chymiſts unanimouſly affirm their white or 
cryſtalline arſenic to be made: but tis worth noting, that tho yellow 
orpiment be acknowledged by far the moſt predominant of the two ingre- 
dients of arſenic ; yet arſenic, duly added to the higheſt coloured metal, 
copper, when in fuſion, gives it a whiteneſs both within and withour, 
Thus, alſo, Lapis Calaminaris changes and improves the colour of copper, 
by turning it into braſs. And I have ſometimes, by the help of zink, du- 
ly mixed after a certain manner, given to copper as rich-a golden colour 
as ever I ſaw in the beſt true I | 

Upon knowing the different methods. of producing the adventitious co- 
lours of metals and minerals in bodies capable of vitrification, depends 
the Lan art of making counterfeit gems.: for whilſt pure ſand, or cal- 
cined cryſtal, gives the body in their preparation; tis, for the moſt part, 
ſome metalline or mineral calx, mixed in a ſmall proportion with it, that 
* the colour. Calcined lead, fuſed with fine white ſand, or * 
ſtal, reduced by ignitions and ſubſequent extinctions in water, to a ſu 
tile powder, will, of itſelf, be brought, by a due decoction, to give a 
clear maſs, coloured like a German amethyſt. But this colour may be 
eaſily over-powered by thoſe of ſeveral other mineral pigments, ſo that with 
a glaſs of lead you may emulate the freſh and lovely green of an emerald; 
tho', in many caſes, the cclour which the lead fate upon vitrification, 
tends to, may vitiate that of the pizment deſign d to appear in the mals. 
Theſe colours alſo depend ſo much upon the texture of the materials, that 
we have made the glaſs of lead itſelf, compoſed of about three parts of 
litharge, or Minium, fuſed with one of cryſtal, or ſand, very finely pow- 
dered, paſs thro different colours, according as we kept it more or leſs 
in fuſion. But the degrees of coction, and other circumſtances, may ſo 
vary the colour produced, that, in a ſmall crucible, I have had frag- 
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nut, four diſtinct colours might be diſcerne in 
Beſides the three mentioned ſorts of adventitious colours in metals, 


there may be others reducible under the ſame head ; of which I ſhall in- 


ſtance only in two. 


The firit is afforded us from the practice of ſcarlet-dyers. A moſt fi- 


mous maſter in this art affured me, that neither he, nor others, can 
{trike the lovely colour, called the bow-dye, unleſs their materials be 
boiled in veſſels of a particular metal. Secondly, metals will afford un- 
common colours, by. imbuing ſeveral. bodies with ſolutions of them, made 
in proper menſtrua. Thus, tho* copper, plentifully diſſolved in Aqua 
fortis, will communicate to ſeveral bodies the colour of that ſolution ; yet 
ſome other metals will not; as I have often try'd. Gold, diſſolved in Aqua 
regia, dyes the nails and skin, the hafts of. knives, and other things made 
of ivory, not with a yellow, but a purple colour; which, tho" it manifeſt 
itſelf but lowly, is very durable, and can ſcarce ever be waſhed out. 
Thus we formerly ſaid, that the purer cryſtals of fine ſilver made with 
Aqua fartis, tho they appear white, will preſently y the skin and nails of 
a black, not to be * off like ordinary ink. And many other bodies 


may, in the ſame manner, be dy d, ſome of a black, and others of a 


blackiſh colour. 


IOT 


ments of the ſame maſs ; in ſome of — As not ſo big as a hazel- Physics. 


Mineral ſolutions, alſo, may produce colours different from . thoſe of — 
the liquors: themſelves, I ſhall not fetch an example of this from what rd 1ucy, | 
happens in the ſalting of beef, which often . n, and ſome- f ther . 


times of a reddiſh colour, when boil'd ; nor ſhall I inſiſt on the practice 
of giving, by ſalt- peter, and a certain proportion of common falt, a fine 
redneſs to loch fleſh as would otherwiſe appear purely white: I rather 


chuſe to ſay, that I have ſeveral times found a ſolution of the ſulphur of 
vitriol, or even of common ſulphur, tho the liquor appeared clear, imme=- 
diately to tinge a piece of new coin, or other clean {ilver, ſometimes with 
a golden, ſometimes with a deeper, and more reddiſh colour; according 


to the ſtrength of the ſolution, and the quantity of it, that chanced to ad- 
here to the metal. This renders it the leſs — —— that the water of 
the hot ſpring at Bath, abounding with diſſolved ſubſtances of a very ſul» 
phureous nature, ſhould, for a while, tinge ſuch pieces of coin yellow, as 
are for a due time immerſed in it. And even vegetable liquors, whether 

by degeneration, or by altering the texture of the body. that imbibes 


them, may ſtain other ſubſtances with colours very different from their 


own. Tis affirmed, that the green juice of Alcanna dyes the skin and 
nails of a laſting red. 


50. Meeting, in an Dalian author, with..a way of Preparing what he The etched 


calls- a Lacca of vegetables, by which the alians mean a. kin 
fit for painting, like that rich Lacca, in Ezgliſh commonly call'd lac, em- 
ploy'd by painters as a glorious red; and finding the experiment conſide- 
Table, but very imperſedtly related, we improved upon it in the following 

manner: 


of extract — ao 
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'Purysrcs. manner: tho the thing, as there delivered, is, by the Haliaus, eſteem'd a 
great ſecret. | | 
Put what quantity of powdered turmeric you pleaſe into fair water ; 
adding to every pound of that liquor a large ſpoonful of a very ſtron 
lixivium of pot-aſhes, clarify'd by filtration; let all this ſimmer over a fo 
fire in a clean glazed earthen veſſel, till you find, by the immerſion of a 
ſheet of white paper, that the liquor is faciently impregnated with the 
Iden tincture of the turmeric: then take the decoction off the fire, and 
filtre or ſtrain it; and afterwards, leiſurely dropping into it a ſtrong ſo- 
lution of roch-alum, the decoction will, as it were, be curdled ; and the 
tinged part of it either emerge, ſubſide, or ſwim up and down in little 
yellow flakes : when, if you pour this mixture into a funnel, lined with 
:cap-paper, the liquor that formerly filtred yellow, will now paſs clear, 
and leave its tinged parts behind in the filtre; into which fair water muſt 
be ſo often poured, till the matter therein contain'd be dulcify'd ; that is, 
till the water paſſes thro? it, as taſteleſs as when it was poured on. But 
if, without filtration, you would obtain the flakes of this vegetable lac, 
pour a large quantity of fair water upon the decoction, after the affuſion 
of the aluminous ſolution ; and you ſhall find the liquor to grow clearer, 
and the lac to ſettle together at the bottom, or emerge to the top of the 
water : tho', ſometimes, having not employ'd a ſufficient quantity of fair 
water, the lac has partly ſubſided, and partly emerged, leaving all the 
Hquor clear in the middle. But, to make this lac fit for uſe, it muſt, by 
repeated affuſions of freſh water, be dulcify'd from the adhering ſalts, as 
well as that ſeparated by the filtre ; and be ſpread to dry jeiffrely upon 
pieces of cloth, with brown paper, chalk, or bricks under them, to 1mbibe 
the moiſture. 


"Tis ſuppoſed, that the magiſtery of vegetables, obtain'd by this means, 


f 


Alm, being a 
u . conſiſts only of the more ſoluble and coloured parts of the reſpeCtive plant 
- way, when uſed that affords it. But I muſt take the liberty to queſtion the ſuppoſition ; 


as 4 precipitate, 


Be, 4 preci-for,, according to my notion of ſalts, alum, tho* to ſenſe a homogeneous 
tate | 


body, ought not to be reckoned among true ſalts, but is to be look'd upon 
as a kind of magiſtery; ſince, as native vitriol contains both a ſaline ſub- 
ſtance, and a metal corroded and aſſociated with it; ſo alum, (which is ſo 
near allied to vitriol, that, in fome places of England, the ſame ſtone will 
ſometimes afford both) ſeems manifeſtly to contain a peculiar kind of acid 
ſpirit generated in the bowels of the earth, and a kind of ſtony matter diſ- 
olved by it. In making our ordinary alum, tis true, the workmen uſe 
the aſhes of a ſea-weed, vulgarly called kelp, and urine ; yet I am in- 
form'd, that here in Encland there is, beſides the factitious alum, ano- 
ther fort made by nature, without the help of thoſe additions. Now, 
conſidering this compoſition of alum, and that alkaline ſalts precipitate 
what acid ones have diſſolved; I could not but ſuſpe& that the curdled 
matter, call'd the magiſtery of vegetables, may have in it a conſiderable 


proportion of a ſtony ſubſtance, precipitated out of the alum by the lixi- 
| vium 
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vium wherein the vegetable had been boiled. And, to ſhew there is no Physics. 
neceſſity that all the curdled ſubſtance muſt belong to the vegetable; I took CFYNWuI 


a ſtrong ſolution of alum, and having filtred it; by pouring in a convenient 


quantity of a ſtrong ſolution of pot-aſhes, I preſently turn'd the mixture- 


into a white curdled matter; which, committed to the filtre, left a great 
quantity of a very white ſtony calx, that ſeem'd to be of a mineral na- 


ture, as well from other ſigns, as that little bits of it being put upon a live 


coal, they did neither melt, nor fly away, whilſt that was blown upon 
and a quantity of this white ſubſtance, being for a long time kept in a 


red-hot crucible, was neither diminiſhed nor - gow : hot water too, 


wherein I kept another parcel of ſuch calx, ſeem'd only to waſh away the 
looſer ſalts from the tony ſubſtance. And I have, by gentle exhalation, 
recovered from the liquor that paſſed thro? the filtre, and left this calx be- 
hind, a body, in appearance like falt ; for *twas very white, and conſiſted 
of innumerable exceeding lender ſhining particles, which would, in part, 
eaſily melt at the flame of a candle, and, in part, fly away with ſcme 
little noiſe. TI have likewiſe, with urinous ſalts, ſuch as the ſpirit of ſal- 
armoniac, as well as with the ſpirit of urine, and even with ftale urine 
undiſtilled, eaſily precipitated ſuch a white calx- out of a limpid ſolution of 
alum. Upon the whale, circumſpeRion is required in judging of the na- 


ture of aluminous liquore by precipitation; otherwiſe, we may ſometimes | 


imagine that to be precipitatcd out of a liquor by alum, which is rather 
precipitated out of alum by the liquor. 


This method of * lacs we have alſo practiſed with madder, which 


yielded us a red lac; and with rue, which afforded an extract nearly of 
the ſame colour with that of its leaves. But, becauſe tis here, principally, 
the alkaline ſalt of the pot-aſhes, which enables the water ſo powerfully 
to extract the tincture of the vegetables; I fear the decoction will not al- 
ways be of the very ſame colour with the vegetable it is made of. For 
lixivious ſalts, tho, by penetrating and opening the bodies of vegetables, 


they prepare and 3 them to part with their tincture readily; yet they 


not only draw out ſome tinctures, but likewiſe alter them: as will eaſily 
appear from ſeveral of the experiments already delivered. And tho” 
alum be of an acid nature, and may, in ſome caſes, deſtroy the ad- 


ventitious colours produced by the alkali, and reſtore the former; yet we 
have produced examples, that, in many caſes, an acid will not reſtore a 


vegetable ſubſtance to the colour deftroy'd by an alkaline falt ; but 
make it aſſume a third, very different from both. Beſides, I have, after 


this manner, made magiſteries of brazil, of cochineal, and of other things, 


red, yellow, or green; that appeared, ſome of them, of a rich colour, 
and others of no bad one: in ſome, however, the colour of the lac ſeem'd 
rather inferior to that of the plant; and in others again, both very difte- 
rent, and much worſe, | 

Bur tis time to conclude this sketch of a hiſtory of colours. 


104 Experiments and Obſervations 
Pursies. I ſhall attempt to build no theory“ upon the experiments and obſerya- 
t tions. here delivered; but leave the ſubject to the proſecution of others. 
I only make it my requeſt, that the reader would not preſently conclude 
me miſtaken in giving the matters of fact concerning the changes of 
colours ſet down, tho he ſhould not immediately find them exactly agree- 
able to his own experiments. For, beſides the contingencies to which this 
kind of tryals is obnoxious, the omiſſion or variation of a ſeemingly in- 
conſiderable circumſtance, may hinder the ſucceſs of an experiment, 


* From-the diſcoveries of Sir I/. New- 
ton we may now ſettle the whole theory 
of colours; which, as it regards natur 
bodies, is, in ſhort, this. | 

Firſt, tis found by experience, that the 
Tays of light are compoſed of diſſimilar 
e. that is, ſome of them are, pro- 

bly, larger than others : as appears from 
their different Ry. 

2. Thoſe particles of light which are 
moſt refracted, make rays of a violet co- 
lour; that is, the moſt minute particles 
af light, being thus ſeparately collected, 
probably excite the ſhorteſt vibrations in 
the Retina; which are thence propagated 
to the brain, along the ſolid Capilla- 
ments of the optic nerves, and there 
excite the ſenſe of a violet colour, the 
moſt faint and languid of all colours; 
whilft the er- which are leaſt re- 
fracted, make a red ray; that is, the 
. greateſt particles of light make the long- 
eſt vibrations in the Retina; and ſo excite 
the ſenſation of red, the molt vivid co- 
lour: the other particles, according to 
their ſeveral intermediate degrees of mag- 
nitude. and refrangibility, exciting the 
intermediate colours; almoſt in the ſame 
manner as the vibrations of the air, by 
:their different magnirudes, cauſe different 
ſounds, 

3. The colours of theſe rays are not ad- 
ventitious modifications of them, but ori- 
ginal, primitive, and neceſſary properties, 
— * ing, probably, upon the magni- 
tudes of their parts; and being conſtant 
and immutable, they are unalterable by 
any farther refraction, reflexion, or other 
modification whatever. 

4. As light is ſeparated into rays of dif- 
ferent colours by the refractions of a glaſs 
priſm, and other groſs bodies; ſo it is dif- 

erently ſeparable by very thin plates of 
any tranſparent matter: for all Iuch plates 


| 


| 


that have leſs than a determinate thick- 
neſs, ſuffer the rays of all colours to paſs 
thro' them, and reflect none: but as their 
thickneſs is increaſed in an arithmetical 
2 they begin to reflect, firſt the 
lue rays, then the green, yellow, and 
pure red; next, the blue, green, yellow, 
and red, more dilute and mixed; till at 
length, at a certain thickneſs, they reflect 
all the rays of light intimately united to- 
gether, as they fall thereon ; that is, 
white. But on whatever parts theſe thin 
lates reflect any colour, as blue for in- 
ance, they there tranſmit the contrary 
colour; as, in this caſe, a red or yellow. 
5. Now all natural bodies conſiſt of 
A Bog tranſparent plates, which being 
ſo laid together, that no reflections or 
refractions can be made in their interſti- 
ces, the body becomes tranſparent: but 
if the diſtances between them are ſo great, 
or fill'd with ſuch a matter, or are ſo 
empty of matter, that many reflexions 
ad refraftions are made within the bo- 
dy, this body will be opake. And, there- 
fore, thoſe opake bodies which conſiſt of 
the thinneſt plates, are black; thoſe which 
conſiſt either of the thickeſt, or of ſuch 
as differ greatly in their thickneſs from 
one ter, whence-conſequently they 
become kit to reflect all colours, are white: 
but ſuch as conſiſt of plates of different in- 
termediate thickneſſes, are blue, green, 
ellow, or red; becauſe they ſeverally re- 
Hef the rays of thoſe colours more copiouſ- 
ly than the other rays, which they either 
in great meaſure ſtifle and abſorb, or ſome- 


times tranſmit. And hence it is, that ſome 


liquors appear red, er yellow, by reflected 
light, bur blue by — light; and 
that leaf-gold appears yellow by the for- 
mer, but green by the latter, &c. See 
Clark. Anndt at. in Bobaul, p- 194, 195. & 


Newton, Optic. p. 320—3 23, & alibi paſtim. 
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u ſhould ſee every ingredient that is uſed about it; tho* I ſhould parti. 
— you · of the weight of each; and tho you ſhould be preſent 
at the kindling of the fire, and at the increaſing and remitting of it, 
whenever the degree of heat is to be altered; and tho, in a word, you 
ſhould ſee every thing done ſo particularly, that you would ſcarce har- 
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ceive all other things, as ſuch. But this propenſity, I fear, makes 
us think and ſpeak of chimerical things, and of negations or priva- 
tions, as of true and poſitive Beings. 

We ſhould, therefore, be very careful of being inſenſibly miſ-led by 
ſuch an innate and unheeded temptation to error, as we bring into the 
world with us. And, perhaps, among other particulars, in which this de- 
luding propenſity of our minds has too great an influence; it may have im- 

$d on us, in the notion we uſually e of nature, Now, this notion 
being the fruitful parent of others; and being ſo general in its applications, 
and important in 1ts influence, we ought not over-eaſily to admit it : doubt- 
leſs, it 13 highly deſerves to be warily examin'd, before it be throughly 
entertain | 

The ger I have ſometimes ſeriouſly queſtion d, whether the vulgar notion of nature, 
— harry has not been both injurious to the glory of God, and a great impediment 
region 1 to the ſolid and uſeful diſcovery of his works. pb, © 


A S the human ſoul is, it ſelf, a true and poſitive Being, *tis apt tocon- 


For, 


A free Inquiry, &c. 


vernour of the world; that men ſhould aſcribe moſt admirable things 


to be met with in it, not to him, but to a certain nature, which themſelves . 


do not well know what to make of. Tis true, many confeſs that this 
nature is a thing of his eſtabliſhing, and ſubordinate to him; but, tho they 
own it, when they are ask'd the queſtion, yet there are ſeveral, who ſeldom 
or never regarded any higher cauſe. And whoever takes notice of their 
way of aſcribing things to nature, may eaſily diſcern, that, whatever their 
words ſometimes are, the agency of God is little in their thoughts. Doubt- 
leſs, it ſhews the wiſdom of God, to have ſo fram'd things at firſt, that 
there can ſeldom or never need any extraordinary 1 ve of his pow- 


er; or the employing, from time to time, an intelligent overſeer, to regu- 


late, aſſiſt, and control the motions of matter. | 

Ariſtotle, by introducing the notion of the eternity of the world, in moſt 
men's opinion, at leaſt, openly deny'd to God the production of it; and by 
aſcribing the admirable works of the divine Being, to what he calls nature, 
tacitly denies him the government thereof. 3 

But my opinion hinders me not at all from acknowledging God to be 
the author of the univerſe, and the continual preſerver and upholder of it 
(which is much more than. the peripatetic hypotheſis allows) for thoſe 
things which the ſchool-philoſophers aſcribe to the agency of nature, inter- 

ſing upon emergencies, I aſcribe to the wiſdom of God, in che firſt fa- 

ric of the univerſe ; which he ſo admirably contriv'd, that, if he but 
continue his ordinary and general concourſe, there will be no neceſſity of 
extraordinary interpoſitions : ſo that mere matter, particularly determin'd, 
ſhall, in certain conjunctures of circumſtances, do all that philoſophers 
aſcribe on ſuch occaſions, to nature. 

This notion is more reſpectful to a divine Being, than to imagine, as we 
commonly do, that he has appointed an intelligent and powerful agent, as 
his vice-gerent, continually to watch for the good of the univerſe in ge- 
neral, and of the particular bodies that compoſe it; Whilſt this Being ap- 
pears not to have the skill, or the power, to prevent ſuch irregularities as 
often prove deſtructive to multitudes of animals, and other noble crea- 
rures, as in plagues, &c. and ſometimes prejudicial to greater portions of 
the univerſe, as in earth-quakes, Oc. | 

But farther, whilſt men - indulge themſelves ſo general and eaſy a way 
of ſolving difficulties, as to attribute them to nature ; ſhame will not reduge 
them to a more induſtrious ſearch after the reaſons of things; nor curioſity 
it ſelf greatly move them to it. Thus the cauſe of the aſcent of water in 
pumps, and other phenomena of that kind, had never been known, if the 
moderns had acquieſced in that imaginary one, that the world was govern'd 
by a watchful Being, call'd nature, who abhors a Vacuum; and conſequent- 
ly is always ready to do whatever is neceſſary to prevent it. 

And the veneration men commonly have for what they call na- 
ture, has obſtructed and confined the empire of man over the inferiour 


creatures. For many have look'd = it as impoſſible to compaſs, E 
a 2 others, 
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others, as tmpious to attempt, the removing thoſe boun daries which nature 
ſeems to have ſettled among her productions. And whilſt they look upon 
her as ſuch a venerable thing, ſome make a ſcru = of conſcience to en- 


deavour ſo to imitate any of her works, as to excel them. 
will here, I doubt not, be ſaid, that I contradict the ſenſe of the ge- 
nerakty of mankind: I anſwer, that in philoſophical inquiries, we are not 
ſo ſollicitous about What has ben, or is deter „as what ought to be; and 
certainly the ſenſe of the generality of men, ought little to ſway us in ſome 
articularqueſtions. But tis no wonder men ſhould be generally prepoſ- 
eſs'd with fuch a notion of nature, as I call in queſtion; ſince education 
has imbued them with it from their infancy : and even in their matu- 
rer years, they find it taken for granted, and employed by the moſt 
learned writers, and never hear it call'd in queſtion. Beſides, it exceed- 
ingly complies with our innate propenſity, to think that we know more 
than we do to vouch nature for a cauſe, is an expedient, that can ſcarce 
be wanting upon any occaſion, to be produced as a reaſon for any thing 
we are ignorant of. Ty, e RUA 8 : | 
But to talk of a thing as a real and poſitive Being, and attribute great 
matters to it, weighs bur little with me, when I conſider, that, tho fortune be 
only a certain looſe and undetermin'd notion, which a modern metaphyſician 
would refer to the claſs of non-entities ; yet not only the Gentiles made 
it a goddeſs, whom many of them ſeriouſly worſhipp'd, but eminent wri- 
ters, both heathen and chriſtian, ancient and modern, and all ſorts of men, 
in their common diſcourſe, ſeriouſly talk of it, as of a kind of antichriſt, 
that uſurped a great ſhare in the government of the world; and aſcribe little 
leſs to it, than to nature. And to paſs over what poets, moraliſts, and 


divines tell us of the powers of ignorance and vice, which are but moral 


defects; the generality of mankind ſeriouſly attribute a great and fatal 
dominion to Kath; which, tho ſaid to do ſo many and ſuch wonderful 
things, is neither a ſubſtance, nor a poſitive entity, but a mere privation. 
As 25 revelation, it countenances no ſuch notion as that vulgarly receiv'd 
of nature: the word is not once mention'd in ſcripture ; no, not by Moſes, 
in his account of the creation. And, indeed, till the Maelites were over- 
run, and corrupted by idolatrous nations, there was, for many ages, a deep 
{ftlence as to ſuch a Being. "_ FRY] | 
There are two things whereof I muſt advertiſe the reader, before 1 
proceed farther... _ Wat 4: | 1 | 
* I. That when, in the preſent diſcourſe, I ſpeak of the opinions of Ari- 
5 I mean thoſe. that are by the generality of ſcholars taken for his, or 
the Ariſtotelian and Peripatetic doctrines; by which, if he be miſ-repreſented, 
the blame ought to light upon his commentators, and followers. _ 
2. That I bere ſet aſide the conſideration of the rational ſoul or mind of 
man, all other parts of the univerſe being, according to the receiv'd opinion, 
che works of nature. Sh _ | | 
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A confidering perſon may well ſuſpect, that men have generally had Paymes. 
but imperfect and confuſed notions concerning nature; ſince they apply that . 


name to ſeveral things, and thoſe too ſuch, as have, ſome of them, very little 


dependance on, or connexion with the others. Ariſtotle has a whole chapter ws natare: 


expreſly written to enumerate the various acceptations of the Greek word 
$vag, commonly render'd nature; of which, he there mentions ſix ; and, 
in Engliſh, we have more ſignifications of that term. Sometimes, we uſe 
it, | 
1. For that author of nature, whom the ſchool-men call Natural natu- 
rans ; as when tis ſaid, that nature hath made man partly corporeal, and 
partly immaterial. | | 

2. Sometimes we mean by the nature of a thing, the eſſence, or that 
which the ſchool-men call the quiddity of a thing ; that is, the attribute 
which makes it what it is, whether the thing be corporeal, or not; as when 
we attempt to define the nature of an angel, a triangle, or a fluid. 

3. Sometimes we confound that which a man has by nature, with what ac- 
crues to him by birth ; as, when we ſay, that ſuch a man is noble by nature. 
4. Sometimes we take nature for an internal principle of motion; as 
when we ſay, that a ſtone let fall in the air, is, by nature, carried towards 
the centre of the earth ; and, on the contrary, that fire, or flame, naturally 
moves upwards. x 

5- Sometimes we underſtand by nature, the eſtabliſh'd courſe of things; 
as when we ſay, that nature makes the night ſucceed the day; or that na- 
ture hath made reſpiration neceſſary to the life of men. 

6. Sometimes we take nature for an aggregate of powers belonging to 
a body, eſpecially a living one; as, when phyſicians ſay, that nature is 
ſtrong, weak, or ſpent ; or that in ſuch or ſuch diſeaſes, nature left to her- 
ſelf, will perform the cure. | 

7. Sometimes we take nature for the univerſe, or ſyſtem of the corporeal 
works of God; as when *tis ſaid of a phenix, or a chimera, that there is 
no ſuch thing in nature. | 

8. Sometimes, too, and that moſt commonly, we would expreſs by the 
word nature, a ſemi-deity, or other ſtrange kind of Being; which is the no- 

tion we here examine. 

© And, beſides theſe more abſolute acceptations of the word nature, it has 
ſeveral others more relative. Nature is ſer in oppoſition, or contradiſtin- 
Etion to other things; as when a ſtone falls downwards, we ſay, it does it 
by a natural motion; but that if it be thrown upwards, its motion that way 
is violent. So chymiſts diſtinguiſh vitriol into natural and factitious. In 
like manner tis faid, that water kept ſuſpended in a ſucking- pump, is not 
in its natural place, as that is, which tes in the well, We ſay, alſo, 
that wicked men are ſtill in the ſtate of nature; but the erate, in a 
ſtate of grace: that cures wrought by medicines, are natural operations; 
but the miraculous ones, wrought by Chrift and his apoſtles, ſuperna- 
tural. Nor are theſe the only forms of ſpeech that might be alledg'd, to 
manifeſt the ambiguity of the word nature ; tho* ſome of theſe alread 
; mention 
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V writers, the acceptations of the word nature are ſo many, that I remember, 
one author reckons up no leſs than fourteen or fifteen. Hence we ſee how 
_ eaſy tis for the generality of men, without excepting thoſe who write of 
natural things, to impoſe upon others and themſelyes, in the uſe of a word 
ſo apt to be miſ-employ'd. 

Ihave often look d upon it as an unhappy thing, and prejudicial both 

to philoſophy and phyſic, that the word nature hath been ſo frequently, 
—— yet ſo unskilfully employ d, by all ſorts of men. For the very great 
ambiguity of this term, and the promiſcuous uſe made of it, without ſuf- 
ficiently attending to its different ſignifications, render many of the ex- 
reſſions wherein tis employ d, either unintelligible, improper, or falſe. 
, thereſore, heartily wiſh, that philoſophers, and other — men, would, 
by common conſent, introduce ſome more ſignificant, and leſs ambiguous 
terms and expreſſions, in the room of the licentious word nature; and the 
forms of ſpeech that depend on it : or, at leaft, decline the uſe of it, as 
much as conveniently they can; and where they think they muſt employ it, 
declare in what clear and determinate ſenſe they uſe it. For unleſs ſome- 
what of this kind be done, men will very hardly avoid being led into mif- 
takes, both of things, and of one another; whence ſuch wranglings about 
words and names will be ſtill kept on foot, as are uſually managed with 
much heat, and little advantage. 
But tis far more difficult than any one, who hath not try'd, would 
imagine, to diſcourſe long of the corporeal works of God, and eſpecially 
of the operations and phenomena attributed to nature, and decline the 
frequent uſe of that term, or forms of ſpeech whereof tis a principal part; 
without frequent, and tedious circumlocutions. But to avoid, as much as 
poſſible, this inconvenience; I ſhall hereafter call thoſe who maintain the 
vulgar notion of nature Naturiſts : an appellation I rather chuſe than that 
of Naturaliſts, becauſe many, even of the learned among them, are not phi- 
loſophers. This inconvenience might perhaps be a little farther une 7 6 if, 
1. Inſtead of the word nature, taken for Natura naturans, we uſe the 
term God, which tis put to ſi oy. 

2. If, inſtead of nature, uſed or that which makes a thing what it is, 
we employ the word eſſence ; ſometimes alſo we may make uſe of the 
word quiddity ; which, tho a barbarous term, is yet frequently employ'd, 
and well underſtood in the ſchools ; and tho' very comprehenſive, is free 
from an | 

3. If what is meant by the word nature, taken for what belongs to a 
living creature at its nativity, or accrues to it by its birth, be expreſſed, 
ſometimes, by ſaying, that an animal is born ſo; and, ſometimes, by ſay- 
ing, that a thing has been generated ſuch ; and, ſometimes alſo, that tis 
thus or thus qualified by its original temper and conſtitution. 

4. If, inſtead of the word nature, taken for an internal principle of 
local motion; we ſay, ſometimes, that this or that body moves as it were, 


or ſeems to move ſpontaneouſly, upwards, downwards, Cc. or that it is 
put 
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put into this or that motion, or determined to this or that action, by the Puyszcs. 
SYN. 


concourſe of particular cauſes. 
5. If, inſtead of nature, uſed for the eſtabliſned courſe of things 


corpo- 
real, we ſubſtitute, what it denotes, the eſtabliſned order, or the ſettled 


courſe of things. - 

6. If, inſtead of nature, taken for an aggregate of the powers belong- 
ing to a body, we employ the conſtitution, temper, mechaniſm, or the 
complex of the eſſential properties or qualities; and, ſometimes, the con- 
dition, the ſtructure, or the texture of that body: and, ſpeaking of the 
greater 2 of the world, we may uſe the terms, fabric of the 
world, ſyſtem of the univerſe, &c. | 

7. If, where men employ the word nature for the univerſe, or the 
ſyſtem of the corporeal works of God; we uſe the word world, or uni- 
verſe; and, inſtead of the phenomena of nature, ſubſtitute, the pheno- 
mena of the univerſe, or of the world. 

8. And, laſtly, if, inſtead of uſing the word nature, taken for either a 
goddeſs, or a kind of ſemi-deity ; we wholly reject, or very ſeldom em- 
ploy 1t. 


that it receives from the creator, and according to which it acts on all oc- 


ſeems capable of a fair conſtruction. There is often ſome reſemblance 


between the orderly and regular motions of inanimate bodies, and the 
actions of agents, that proceed conformably to laws. And I, ſometimes, 
ſeruple not to ſpeak of the laws of motion and reſt, that God has eſta- 


bliſhed among things corporeal, and, now and then, to call them the laws 


of nature. 

Bur, in ſtrictneſs, to ſay, that the naturc of this or that body, is but 
the law of God preſcribed to it, is an improper, and figurative expreſſion. 
For this gives us but a very defective idea of nature, ſince it omits the ge- 
neral fabric of the world, and the contrivances of particular bodies ; 
which yet, are as neceſſary as local motion itſelf, to the production of 
9 „ effects and phenomena: and, to ſpeak properly, a law being 

ut a notional rule of acting according to the declared will of a ſuperior, 
*ris plain, that nothing but an intellectual Being can be pro ry capable 
of receiving and acting by a law. For if it does not all. 64 „it can- 


not know what the will of the legiſlator is; have any intention to accom-- 


liſh it; or act with regard thereto, Now *tis intelligible, that God 
uld, at the beginning, impreſs determinate motions upon the parts of 
matter, and guide them, as he thought requiſite, for the primordial con- 
Ritution of things : and that ever ſince he ſhould, by his ordinary and ge- 
neral concourſe, maintain thoſe powers, which he gave the parts of mat- 
ter to tranſmit their motion to one another. But —— conceive, how 
a body, deſtitute of underſtanding and ſenſe, truly ſo called, can mode- 
rate and determine its own motions ; eſpecially ſo, as to make them 
conformable to laws, that it has no knowledge of. And that * 
| es, 


me, I know, will have the nature of every thing, to be only the law Mute 
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caſions. And, indeed, this opinion, tho' neither clear nor comprehenſive, ceives frow „ 
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Arstcs. bodies, how ſtrictly ſoever called natural, properly act by laws, eannot 
be proved by their acting ſometimes regularly, and, as men think, in 
order to determinate ends: ſince, in artificial things, we ſee many motions 
very orderly perform'd, and with a manifeſt tendency to particular and 
delguö d oc. Thus, in a watch, the motions of the ſpring, wheels, and 
other parts, are ſo fitted and regulated, that the hand upon the dial-plate 
moves with great uniformity, and ſeems to moderate its motion, ſo as 
not to arrive at the points that denote the time of the day, either a mi- 
nute ſooner, or a minute later than it ſhould do. And when a man ſhoots 
an arrow at a mark, ſo as to hit it; tho' the arrow moves towards the 
mark, as it would, if it could, and did deſign to ſtrike it; yet none 
will ſay, that this arrow moves by a law, but by an external impulſe. 
Ariſtotle's def· But, poſſibly, the definition of a philoſopher may exempt us from the 
forms perplexities, to which, by the ambiguous expreſſions of common writers, 
ſatifaffory, we are expoled. I therefore conſidered, with more than ordinary atten- 
tion, the famous definition of nature, that is left us by Ariſtotle ; which I 
ſhall recite rather in Latin than Engliſh, becauſe tis very familiarly known, 
among ſcholars in that language; and becauſe there is ſomewhar in it, 
that ſeems difficult to be, without circumlocution, render'd intelligibly in 
Engliſh : Natura (ſays he) eſt principium & cauſa motiis & quietis ejus, in quo 
ineſt, primò per ſe, & non ſecundum accidens. Now as, according to Ariſtotle, 
the whole world is but a ſyſtem of the works of nature ; we might well 
_ that the definition of a thing, the moſt important in natural phi- 
loſophy, ſhould be clearly and accurately deliver'd ; yet, to me, this cele- 
drated” definition ſeems 1 dark, that I receiv'd no aſſiſtance from it, to- 
wards framing a clear and ſatisfactory notion of nature. For I dare not 
hope, that what, as to me, is not itſelf intelligible, ſhould make me un- 
derſtand what is to be explained by it. And, conſulting ſome of Ariſtotle's 
interpreters upon the ſenſe of this definition, I found the more conſiderate 
of them ſo puzzled with it, that their diſcourſes about it ſeem'd to tend, 
rather to free the definer from tautology and ſelf-contradiction, than to 
manifeſt the definition itſelf to be and inſtructive. And indeed, tho” 
the immoderate veneration they have for their maſter, engages them to 
make the beft they can of his definition, even when they cannot juſtify it 
without ftrain'd interpretations; yet what every one ſeems to defend in 
groſs, almoſt every one of them cenſures in parcels ; this man attacking one 
part of the definition, and that another, with objections ſo weighty, that 
1 had no other arguments to againſt it, I men borrow enow 
from the commentators on it, to juli my diſlike thereof. W . 
 _ Several things are commonly received as belonging to the idea of nature, 
. That are not manifeſtly or at all comprehended in this Ariſtoteliun definition, 
which never declares whether the principle, or cauſe here mentioned, is 
a ſubſtance, or an accident; and if a ſubſtance, whether corporeal or im- 
material: nor is it clearly contain'd in this definition, that nature does 
all things moſt wiſely, and ftill acts by the ſhorteſt ways, withont ever 
| of her end; and that ſhe watches againſt a Vacuum, for the wel- 
fare of the univerſe, SECT. 
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HE beſt way to diſcover the common opinion of nature, is, to con- 

ſider what axioms paſs for current about her, what titles and epi- 
thets are unanimouſly given her by philoſophers, other writers, and by 
= generality of men who have occaſion to diſcourſe of her, and her 
actions. 

Of ſuch axioms and epithets, the principal ſeem to be theſe. 

Nature is exceeding wiſe, and all her works are perform'd with underſtanding. 
Nature does nothing in vain. Nature never fails of her purpoſe. Nature al- 
ways does what is beſt. Nature always acts in the ſhorteſt manner. Nature 
is neither too laviſh, nor too ſparing in neceſſary things. Nature always pre- 
ſerves itſelf. Nature cures diſeaſes. Nature always watches to preſerve the 
univerſe. Nature dreads a Vacuum. 

From which particulars put together, it appears, that the vulgar no- 
tion of nature may be expreſſed by ſome ſuch deſcription as this. 

Nature is a moſt wiſe being, that acts nothing in vain, never miſſes of 
her ends, but always does what is beſt, and that by the moſt direct 
way, neither employing any things ſuperfluous, nor being wanting in 
things neceſſary; teaching and inclining every one of her works to preſerve 
itſelf: and as, in the human frame, ſhe cures diſeaſes; ſo, in the world, 
for the conſervation of the univerſe, ſhe abhors a Vacuum; making parti- 
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The receiv c no- 


tion of natu, e 3 
what ? 


cular bodies act contrary to their own inclinations and intereſts, to pĩe- 


vent it. 


If I were to propoſe a notion, as leſs unfit than any I have met with, 4 cer wtion of 


to paſs for the principal one of nature; with regard to which, many 


nature, general 
and particular 


axioms and expreſſions, relating to that word, may be conveniently un- dvarc's. 


derſtood; I ſhould firſt diſtinguiſh between the univerſal, and the particu- 
lar nature of things. And of univerſal nature, the notion I would offer, 
ſhould be ſomething like this. Nature is the aggregate of the bodies, that make 
up the world, in its preſent ſtate, confidered as a principle, by virtue where, 
they act and ſuffer, according to the laws of motion, preſcribed by the author of 
things. And this makes way for the other ſubordinate notion ; ſince the 
particular nature of an individual conſiſts in the general nature, apply'd to 
a diſtinct portion of the univerſe ; or, ſuppoſing that placed as it is, in a 
world, framed by God, like ours, it muſt be a convention of the mechanical 
properties, (ſuch as magnitude, figure, order, ſituation, and local motion) 
of parts, convenient and ſufficient to conſtitute of, or entitle to its par- 
ticular ſpecies, or denominations, the particular body they make up ; the 
concourſe of all theſe being conſidered as the principle of motion, reſt, and 
changes in that body. 


Ill &, of the 


The vulgar notion of nature, as it has had, doubtleſs, may have an ill effect I an - 
on religion. The looking N merely corporeal, and often 1nanimate thin g, wa — bos rele 
C, 


as endow d with life, ſe 
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and underſtanding; and aſcribing to * 
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Physics. and ſome other Beings, things that belong to God alone, have been grand 
A cauſes of the polytheiſm and idolatry of the Gentiles. 

The moſt ancient idolatry, probably, was the worſhip of the celeſtial 
lights, eſpecially the fun and moon; as appears both from ſacred and pro- 
fane hiſtory. The great Hippocrates attempts to account for the origin of 
the world from his immortal heat, which he eſteems as a deity. And Galen 
himſelf, who was not unacquainted with Moſes's writings, and with 
chriſtianity, fancy'd the earth had a certain ſoul or mind imparted to it 
by the ſuperior bodies. And an inquiſitive perſon, who, having liv'd ma- 
ny years in China, and ſeveral of the neighbouring kingdoms, aſſured me, 
that, in a ſolemn conference he had with ſome of the more eminent doors 
of the Chineſe religion ; they frankly profeſſed, they believed the heavenly 
bodies to be truly divine, and deſerying to be worſhipped, becauſe they 
imparted to men ſuch good things, as light, heat, rain, Ge. And this be- 
lief, they declared, they thought more rational than that of the Euro- 
peans, who worſhip a deity, whoſe ſhape, colour, and motion, and whoſe 
efficacy on ſublunary things, were inviſible. 

| Many of the ancient philoſophers held the world to be animated, and 
| believed, that the mundane ſoul was not barely a living, but a moſt intelli- 
gent and wile active Being; the Stoics held the world to be an animal; 
and the notion of the ſoul of the world, and of nature, ſeem ſo near 
| 


allied, that ſome of the old ſages appear to have confounded them, and to 
have made no other univerſal nature, than the ſoul of the world. How- 
ever, the great and pernicious errors they were led into, by believing that 
the univerſe itſelf, and many of its nobler parts, beſides men, were en- 
dowed with life, underſtanding, and providence ; may make us chriſtians 
jealous of admitting ſuch a Being, as that which men venerate under the 
name of nature: ſince they aſcribe to it as many wonderful powers and pre- 
rogatives, as the idolaters did to their adored mundane ſoul. They, alſo, 
facrilegiouſly abuſed this Being, as well under the very name of nature, 
as under thar of the ſoul of the world: ſometimes making it the ſame with 
the world, at others the ſame with God; and Orpheus has a hymn ad- 
dreſsd to nature as a goddeſs. | 

Ariſtotle, indeed, and his commentators, do not ſo directly idolize na- 
ture, as did Orpheus; yet, I doubt, they go further than they can juſtify, 
when they ſo freely and often aſſert many extraordinary things of her, 
particularly when they call the works of God, the works of nature, 
and mention him and her together, not as a creator and a creature, but as 
two co-ordinate governors. | 

Thoſe who thought the ſun endowed, not only with a living ſoul, but with 
underſtanding and a will, muſt, if they had duly conſider d, have been much 
more puzzled, to find food for ſo vaſt a body, and organs in him neceſlary to 
prepare and digeſt it, and to perform the other functions that belong to ani- 
mal nutrition, than the philoſophers who maintain'd him to be fire. Tis with- 
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conditions and tranſactions of men, and hear and grant the prayers of their Physics. 
worſhippers. And the moon, which was anciently a principal deity, is fo rude . 


and mountainous a body, that tis a wonder ſpeculative men, who conſider d 
how many, how various, and how noble functions belong to a ſenſitive 
ſoul, could think a maſs of matter, ſo very remote from being fitly orga- 
niz d, ſhould be animated and govern'd by a true, living and ſenſitive ſoul. 
Indeed, theſe deifiers of the celeſtial globes, and the heathen diſciples of 
Ariſtotle, beſides ſeveral of the ſame mind, among the chriſtians, ſay great 
and lofty things of the quinteſſential nature of the heavenly bodies, and 
their conſequent incorruptibility ; of the regularity of their motions, and 
of their divine quality of light, that makes them refulgent. But the per- 
ſuaſion they had, of this quinteſſential nature of the ſuperior part of the 
world, ſeems not grounded upon any ſolid phyſical reaſon, but enter- 
tain'd by them for being agreeable to the opinion they had of the divinity 
of the celeſtial bodies; of which, Ariſtotle himſelf ſpeaks in a way that 
hath greatly contributed to ſuch an exceſſive veneration for thoſe bodies, 
as is neither agreeable to true philoſophy, nor true religion. He himſelf 
takes notice, that the Pythagoreans held our earth to be one of the planets ; 
and that it moved about the ſun, which they placed in the middle of the 
world. And ſince this hypotheſis of the earth's motion, was in the laſt 
age reviv'd by Copernicus, not only Kepler, Galileo, and Gaſſendus, but moſt 
the eminent modern aſtronomers, have embraced it: which, indeed, 
is far more agreeable to the phenomena, than the doctrine of Ariſtotle 
(who was plainly miſtaken about the order and conſiſtence of the hea- 
vens) and the ancient and generally received Ptolemaic ſyſtem. Now, 
ſuppoſing the terraqueous globe to be a planet; who can conſider it 
as a round maſs of very heterogeneous ſubſtances, whoſe ſurface is very 
rude and uneven, and its body opake, (unleſs as it happens to be enlight- 
ned by the ſun, moon, and ſtars) and ſo very inorganical and unfit for ſo 
much as nutrition, that it ſeems wholly unfit to be an animal, much leſs a 
rational one ; and aſcribe underſtanding and providence to it > 'The like 
N be ſaid of the celeſtial bodies. 

s for the boaſted immutability of the heavenly bodies; it may be very 

— call'd in queſtion from the phenomena of ſome of the comets, that 
y their parallax were found to be 1 the moon, and conſequently in the 
celeſtial region of the world. But, the incorruptibility and immutability 
of the heavenly bodies are more diſproveable by the ſudden and 3 
generation, changes, and deſtruction of the ſpots of the ſun; which ſome- 
times ſo ſuddenly diſappear, that in the year 1660, on May 8. having left, 
in the morning, a ſpot, whoſe motions we had long obſery'd thro* an 
excellent teleſcope, with an expectation that it would continue for many 
days viſible to us; we were ſurpriz'd to find, that when we came to ob- 
ferve it again in the evening, it was quite diſſipated: and by comparing it 
to the ſun, we eſtimated the extent of its ſurface to be equal to this all 
Europe. As to the conſtancy of the motions of the ſtars ; if the earth, 
which we know to be inanimate, is a planet, it moves as conſtantly and 
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PaysIcs. regularly about the ſun, as the other planets do, or as the moon doth 
about the earth. And ſuppoſing our globe was not a planet, yet there 

would manifeſtly be a conſtant regular motion of a great part of it: ſince 

there is a 3 ebbing and flowing twice a day, and ſpring-tides twice a 

month, of that vaſt aggregate of waters, the ocean; which perhaps is not 

inferior in bulk to the whole body of the moon. 

And laſtly, as a great proof of the divinity of the ſtars is drawn from 
their light; ſo, tho F grant it to be the nobleſt of ſenſible qualities, yet Ican- 
not think it a good proof of the divine nature of bodies endow'd with it. 
For tho' the Zabians and Chaldeans conſidered and adored the planets as the 
chief gods, our teleſcopes diſcover to us, that they ſhine but by a borrow'd 
light; ſo that Venus, as vivid as it appears to the naked eye, is ſometimes 
horn'd like the moon. Thus alſo the earth, whether a planet or no, is 
enlighten'd by the ſun ; and poſſibly, as a body forty times bigger, com- 
municates more light to the moon, than it receives from her ; as ſeems 

robable from the light on the ſurface of the moon in ſome of her eclipſes. 

And tho*in the night, when the darkneſs hath widened the Pupillz of our 

eyes, and the moon ſhines with an unrival'd luſtre, ſhe ſeems exceeding 

bright; yet ſhe may be, for ought I know, more opake than the ſolid part 
of rhe terreſtrial globe. For I have more than once obſerv d a ſmall cloud 
in the weſt, where the moon then was, about ſun-ſet ; and comparin 

them together, the cloud reflected the light as ſtrongly to my eye, as dil 

the moon, that ſeem'd to be not far from it; both of them appearing like 

little whitiſh clouds: tho” afterwards, as the ſun deſcended lower beneath 
the horizon, the moon grew more luminous. And, ſpeaking of light in- 
definitely, tis ſo far from arguing a divine nature in the bodies endow'd 
with it, (whether, as the planets, by participation from an external illumi- 
nant ; or, as the ſun, from an internal principle) that a calcined ſtone, 
witneſs that of Bolonia, will afford, in proportion to its bulk, incompa- 
rably more borreow'd licht than one of the planets. And a light, from 
internal conſtitution, may be found, not only in ſuch abje& creatures 
as inſects, whether winged, as the Cucupias of Hiſpaniola, or creeping, as 
the glow-worm ; but alſo in bodies inanimate, and corrupted ; as in 
. , Totten wood, putrefy'd fiſh, &c. 3 
— 2 Ihe reaſons that have made me backward to entertain ſuch a notion of 
onlgar notiov nature, as I have hitherto diſcourſed of, may be comprized under the 
4, following. 

t. Such a nature ſeems to be either aſſerted, or aſſumed, without fuf- 
fictent proof; and this ſingle reaſon, if well made out, is alone ſufficient 
to diſcredit it. For, in matters of philoſophy, where we ought not to 
take any thing upon truſt, or allow it without proof; tis enough to keep 
us from believing a thing, that we have no poſitive argument to induce us 
to aſſent to it; tho we have no particular arguments againſt it. Now, I 
have yet met with no phyſical arguments, either demonſtrative, or con- 
ſiderably probable, to evince the exiſtence of the nature we examine; yet, 


ſurely, ſo univerſal an agent, ſuppoſed to act immediately, in . 
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of phenomena, ſhould, if it really exiſted, give ſome manifeſt proofs of it= Paysrcs; 


ſelf. 

2. Such a nature is unneceſſary. For, ſince a great part of the work of 
true philoſophers has been to dx the principles of things to the ſmalleſt 
number they can, without making them inſufficient ; why ſhould we take: 
in a principle, of which we have no need? Suppoſing the common mat- 
ter of all bodies to have been at firſt divided into innumerable minute 
parts, by the wiſe author of things, and theſe parts to have been ſo diſ- 
pos'd, as to form the world as it now is ; and, ſuppoſing the univerſal laws. 
of motion, among the parts of matter, to have been eſtabliſh'd, and ſeveral 
conventions of particles contrived into the ſeminal principles of various. 
things; all which may be effected by the mere motion of matter, skilfully gui 
ded at the beginning of the world: ſuppoſing all this, together with God's or- 
dinary and general concourſe, which we very reaſonably may; I ſee not, why 
the ſame phenomena, that we now obſerve in the world, ſhould not be pro 
duc'd, without taking in any ſuch powerful and intelligent being, diſtinct 


from God, as nature is repreſented to be. And, till ſome inſtance is. 


produc'd to the contrary, I ſhall think that the phenomena we obſerve, 
will genuinely follow from the mere fabric and conſtitution of the world. 
Thus, ſuppoting the ſun and moon to have been put, at firſt, into ſuch. 
motions about the earth, as experience ſhews they have ; the determinate. 
celerity of theſe motions, and the lines wherein they are performed, will. 
make it neceſſary, that the moon ſhould exhibit ſuch ſeveral phaſes as every 
month ſhe doth; and that ar ſome times ſhe and the ſun ſhould have a trine, 
or a quartile aſpect, c. and that now one, and now the other of them, 
ſhould, at ſet times, ſuffer an eclipſe : tho” theſe eclipſes were by the Ro- 


mans, and others of old, and are by many unlearn'd nations at this day, 
look'd upon as ſupernatural things. And, indeed, the difficulty we find. 


to conceive how ſo great a fabric as. the world, can be preſerved in or- 
der, and kept from falling again ro a chaos, ſeems to ariſe from hence, that 
men do not ſufficiently conſider the unſearchable wiſdom of the divine 


architect, whoſe piercing eyes were able to look. at once quite thro” 


the univerſe, and take into his view, both the beginning and end of 


time: ſo that, perfectly knowing what would be the conſequences of all 
the poſſible conjunctures of circumſtances, into which matter, divided and: 


mov'd according to particular laws, could, in an engine ſo conſtituted as. 


the preſent world is, happen to be put; there can nothing fall out, unleſs. 


when a miracle is wrought, that ſhall be able to alter the courſe of things, 
or prejudice the conſtitution of them, any further, than he from the begin- 
ning forelaw, and allow'd. 


3. The nature I queſtion, is ſo dark and odd a thing, that tis hard to 


know what to make of it ; being ſcarce intelligibly prepos'd by thoſe who 


lay the moſt ſtreſs upon ir. For, it appears not clearly, whether they will 


have it to be a corporeal, or an immaterial ſubſtance ; or ſome ſuch thing, 
as may ſeem to be betwixt both ſuch as many Peripatetics repreſent. 
ſubſtantial forms, and what they call real qualities, wnich ſeveral ichool- 


men 
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Parstas men hold to be ſeparable from all matter whatſoever. If it be merely 
& corporeal, I confeſs, I underſtand not, how it can be fo wiſe an agent, 

as they would have it paſs" for: if it be a body, I would gladly know 
what kind of body it is; and how, ſince, among bodies, there can 
be no penetration of dimenſions, this ſo intimately ades, as they pre- 
tend, all the other bodies of the world > If it be ſaid, that nature is a 
Semi-ſubſtantia, as ſome modern ſchool- men call ſubſtantial forms, and real 
qualities; I anſwer, that I acknowledge no ſuch chymerical, and unin- 
relligible Beings. It remains therefore, that this nature we ſpeak of, if 
. poſitive, is an immaterial ſubſtance. But, to have recourſe to ſuch an one, 
as a phyſical agent, and the grand author of the motion of bodies ; and 
that, eſpecially, in ſuch familiar phenomena, as the aſcent of water in 
pumps, the ſuſpenſion of it in watering-pots, the running of it thro'ſy- 
phons, Cc. and thence to aſſign the cauſe hereof, will, I think, prove ex- 
ceeding difficult. = 
4. Since many naturaliſts are chriſtians, it may not be improper to add, 
that another thing, for which I diſlike the vulgar notion of nature, is, its be- 
ing dangerous to religion, in general, and, conſequently, to the chriſtian. 
For this erroneous conceit defrauds the true God of ſeveral acts of vene- 
ration and gratitude, that are due to him from men, upon account of the 
viſible world ; and diverts them to that imaginary being they call nature, 
which has no title to them: for, whilſt nature is ſuppos d to be an intelli- 
gene thing, that wiſely and kindly adminifters all that is done 2 
bodies, tis no wonder that the generality of men ſhould admire and praiſe 
her, for the wonderful, and uſeful things they obſerve in the world. 
And, in effect, tho' nature, in our preſent ſenſe of the word, be never 
found in the ſacred writings ; yet, nothing is more frequently met with in 
the books of philoſophers, than nature and her effects. And, whatever 
has been ſaid by ſome, in excuſe of Ariſtotle, yet the generality of the 
Peripatetics, from whom the vulgar notion of nature is chiefly received, 
make the world eternal; and refer all the tranſactions among the bodies 1t 
contains, to what they call nature. Whence twill not be difficult to per- 
ceive, that, if they do not quite exclude God; yet, as they leave him no 
intereſt in the firſt formation of the univerſe, ſo they leave him but very 
little in the adminiſtration of the parts it conſiſts of, eſpecially in ſuch as are 
ſublunary. Inſtead, therefore, of the true God, they have ſubſtituted, for 
us, a kind of a goddeſs, with the title of nature; upon whom they look 
as the immediate agent and director in all excellent productions, and 
aſcribe to her the praiſe and glory of them. 
This great error, in a point of ſuch importance, ſeems to undermine the 
foundation of religion. For ſince the moſt general and effectual argument 
| which has perſuaded men that there is a God and a providence, is afforded 
by the conſideration of the viſible world, wherein ſo many operations and 
other things are obſery'd to be managed with ſuch conduct and benignity, 
as cannot juſtly be aſcribed but to the wiſdom and goodneſs of a Terr 
they who aſcribe theſe things to mere nature, much weaken the force 


of 
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of that argument, if 19 do not quite take away the neceſſity of Physics. 


acknowledging a deity; by ſhewing, that, without having recourſe to 
him, an account may be given the adminiſtration of the world, 
and of what is perform'd among thi s corporeal. Indeed, when men are 
put upon conſidering the matter, an 1 to declare elyes more 
clearly ; they fear to affirm, that God and nature are the ſame thing, 
and will confeſs, that ſhe is but his vicegerent ; yet, in practice, their a 

miration, and their praiſes, are frequently given to nature, not to God. 

In ſhort, as nature is ſo frequently recurr'd to, and ſo magnify'd in the 
writings of philoſophers, that the exceſſive veneration men have for 
her, cauſed ſome = the Epicureans) to deny God; ſo, tis to be feax d, 
that it makes many forget him. And, perhaps, a ſuſpicious perſon would 
add, that, were it not ” other principles, this erroneous idea of nature 
would, too often, have a ſtrong tendency to ſhake, if not to ſubvert, the 
very foundations of all religion ; by miſleading thoſe who are inclined to be 
its — from overlooking the neceſſity of a God, to the denial of his 
exiſtence. 

5. There are many phenomena, which do not agree with that notion, 
or repreſentation of nature, I call into queſtion. For, if there were 
ſuch an intelligent, powerful, and vigilant being, as philoſophers deſcribe 
nature to be, ſeveral things would not be done, which experience aſſures 
us are done. | 

The great vigilance of nature, for the common good of the univerſe, is 
pretended to be demonſtrated from the care ſhe takes to prevent, or re- 
pleniſh a Vacuum; which would be very prejudicial to the fabric of the 
world. Tis all „that nature, in pumps, and the like caſes, raiſes 
the heavy body of water, in ſpight of its tendency towards the centre of 
the earth, to obviate, or fill up a vacuity; and that out of a gardener's 
watering-pot, or an inverted tube, ſtopped at one end, neither water, nor 
okay will fall down, left it ſhould leave a Vacuum behind it: but I 

emand how it .comes to paſs, that if a glaſs-tube be but a foot longer 
than 34 or 35 feet; or an inverted tube, fill'd with quick-filver, but 
a finger's breadth longer than 30 inches, the water in the one, and 
the quick-ſilver in the other, will ſubſide? Is it 2 that nature, 
which, in pumps, is {aid to raiſe up every day ſo many hundred ton 
of water; and, if we believe the ſchools, would raiſe it to any height; 
ſhould not have the diſcretion, or the power, to lift up, or ſuſtain, as 
much water as would ſerve to fill one — in a glaſs tube, or as much 

uick-filver as an inch of a ſlender pipe will contain; to obviate, or re- 
pleniſh, the Vacuum, ſhe is ſaid to 4 10r ? Sure, at this rate, ſhe muſt 


either have very little power, or very little knowledge of the Powe ſhe - 


has. So, likewiſe, when a glaſs-bubble is blown very thin at the flame of 
a lamp, and hermetically ſeal d whilſt *tis very hot, the reaſon aſſign d 
for its being apt to break, when it grows cold, is, that the inward air, 
. which was before rarify'd by the heat, coming to be condenſed by the 
cold, leſt the ſpace deſerted by the air, that thus contracts itſelf, 1 
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Fnrercs. be left void, nature, with violence, breaks the glaſs: but if the glaſs be 
U blown a little ſtronger than ordinary, tho' at the flame of a lamp, the 

bubble, as I have often try'd, will continue unbroken, in ſpight of na- 
ture's abhorrence of a Vacuum. But if, tho? nature did not kinder the 
water, or the quick-filver, from falling down, there would no ſuch Vacuum 
enſue as ſhe is ſaid to abhor; why does ſhe ſeem fo ſollicitous to hinder 
it; why keep three or four and thirty feet of water, in perpendicular 
height, contrary to the nature of all heavy bodies, ſuſpended in the tube; 
Rd: why ſo furiouſly break to pieces a thin ſeal'd bubble, to hinder a 
Vacuum, if, in caſe ſhe did not break it, no Vacuum would enſue? On 
the other ſide, if we admit her endeavours to hinder a Vacuum, not to 
have been ſuperfluous, we muſt confeſs, that, where theſe endeavours ſuc- 
ceed not, there is really produced ſuch a Vacuum, as ſhe is ſaid to abhor: 
ſo that, either ſhe muſt be very indiſcreet to trouble herſelf, and tranſ- 
greſs her own ordinary laws, to prevent a danger ſhe need not fear; or 
elſe her ſtrength muſt be very ſmall, that is not able to fill a ſmall vacuity 
or to break a brittle glaſs-bubble. | 
Another grand inſtance given of the wiſdom of nature, and her watch- 
fulneſs for the good of the whole world, is, the appetite ſhe has implanted 
in all heavy bodies, to deſcend to the centre of the earth, and in all light 
ones, to aſcend. But, for poſitive levity, till I ſee it better prov'd, than it 
hath hitherto been, I allow no ſuch thing implanted in ſublunary bodies. 

A ball being let fall upon the ground, will rebound, perhaps, ſeveral times, 
before it reſts. If you ask why the ball being dropt out of the hand, does 
not move on this or that ſide, or upwards, but fall directly toward the 
centre'of the earth, in that ſhorteſt line, the diameter of the earth produ- 
ced to the centre of gravity of the ball > *Twill be readily anſwer'd, that 
This proceeds from the ball's gravity, an innate appetite, whereby it tends 
to the centre of the earth the neareft way. But then I demand, whence 
comes this rebound, this motion upwards ? for, tis plainly the genuine con- 
ſequence of the motion downwards, and is, therefore, increas'd as that mo- 
tion in the ball was increas'd, by falling from rn height: ſo that it 
ſeems, that nature, in ſuch caſes, plays a very odd game, ſince ſhe forces a 
ball, againſt the laws of heavy bodies, to aſcend ſeveral times upwards, 
upon account of that very gravity whoſe office it is to carry it downwards 
the directeſt way: at leaf, ſhe ſeems, in ſpite of the wiſdom aſcribed 

| to her, to take her meaſures very ill, in making the ball move downwards 

h with ſo much violence, as occaſions it ſeveral times to fly back from the 
| place ſhe intended it ſhould go to. As if nature could not manage a ball 

| : none letting it be hurried on with far greater violence, than her deſign 

requir d. 

The ſame may be ſaid of a pendulum : for, ſince tis unanimouſly af- 
firm'd, that this falls to the perpendicular, upon account of its gravity, tis 
certainly a motion proceeding from the ſame gravity, that the ſwing- 
ing weight paſſes beyond the perpendicular, conſequently aſcends, and 
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often makes a multitude of vibrations; and, therefore, very frequently Payzics. 
* 


aſcends, before it comes to reſt in the perpendicular. 
There are ſeveral inſtances of perſons choak d with a hair. The reaſon 


of this fatal accident, is probably, the irritation made, by the ſtay of ſo unu- 


ſual a thing in the throat ; whence ariſe very violent and diſorderly motions 
ro it, in the organs of reſpiration ; by which means, the continual cir- 
culation of the blood, neceſſary to life, is hinder'd, the conſequence whereof 
is ſpeedy death. But this agrees very ill with the vulgar ſuppoſition of 
ſuch a kind and provident Being, as nature, who 1s re — as always 
at hand to preſerve the life of animals, and ſuccour them in their dangers 
and diſtreſſes: for ſince a hair is ſo ſlender a body, that it cannot ſtop the 
throat, ſo as to hinder, either the free paſſage of aliment into the ſtomach, 
or that of air to or from the lungs; were it not much better for nature, 
to let the hair ſtay there, till the juices of the body have reſolv'd or con- 
ſum'd it, or ſome favourable accident remov d it, than like a ——— 
tranſported thing, oppoſe it with ſuch blind violence, that inſtead of 
ing the hair, ſhe expels the life of the perſon ? 

*How the care and wiſdom of nature will be reconcil'd to ſo improper 
and diſorderly a procedure, I leave her admirers to conſider. But it will 
appear very reconcileable to providence : for, in regard of the uſe and ne- 
ceſſity of deglutition, and, in many caſes of coughing and — it was, 
in the general, moſt convenient, that the parts ſubſervient to theſe mo- 
tions, ſhould be irritated by the ſudden ſenſe of things that are unuſual, 


tho, perhaps, they would not be otherwiſe dangerous or offenſive; becauſe 


it was fit that the providence of God ſhould, in providing for the wel- 
fare of animals, have more regard to that which uſually and regularly be- 
fals them, than to extraordinary caſes, or unfrequent accidents; and the 


like conſiderations will ſufficiently keep the divine providence from appear- 


_ act irrationally or injuriouſly in other caſes. 

t has been frequently obſerv'd, that pregnant women have been made 
to miſcarry by the ſmell of an extinguiſh'd candle, which would before have 
indeed diſpleas'd, but not endanger'd the ſame perſons : ſo that nature, 
in theſe caſes, ſeems very far from being ſo prudent and careful as men 
uſually fancy her, ſince by an odour ſhe is put into ſuch unruly tranſports : 
and inſtead of watching for the welfare of the woman, whoſe condition 
needed an extraordinary meaſure of her care and tenderneſs, ſhe violently 
precipitates her charge into a danger, that often proves fatal, not only to 
the mother, bur alſo to the child. 

How the groſs aberrations of nature, in the productions of monſters, will 
agree with that great uniformity, and excellent skill, aſcribed to her in ſe- 
minal productions, I leave the naturiſts to conſider. Some of them, I know, 
lay the fault upon the ſtubbornneſs of the matter, that would not obey 
the plaſtic power of nature; bur tis ſtrange it ſhould be pretended, that 
nature, which they make a kind of ſemi-deity, cannot — and faſhion ſo 
ſmall, ſoft, and tractable a portion of matter, as that wherein the firſt mo- 
del and efformation of the embryo 12 when, at the ſame time, ay 
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Paysrcs. tell us, the is able, in ſucking-pumps, to raiſe. and ſuſtain whole tons of 
Vater, to prevent a Vacuum; and can toſs up into the air, houſes, walls, 


caſtles, and the rccks they are built on, to let kindled gun-powder have 
the expanſion its new ſtate requires. ; 

It may be ſaid, that unleſs we admit ſuch a Being as nature, to contrive 
and manage corporeal things, and, in a regular, and methodical way, direct 
them to their reſpective ends, there will appear no viſible footſteps or proof 
of a divine wiſdom in the world. This argument, I confeſs, is bo ſpecious, 
that it made me long heſitate what to think of the receiv'd notion of na- 
ture. But having further conſider d the matter, I ſaw it might be an- 
fwer'd, that the curious contrivance of the univerſe, and many of its 
parts, and the orderly courſe of things, with a manifeſt tendency to de- 
terminate ends, are matters of fact, and depend not upon the ſuppoſition of 
ſuch a Being as they call nature; but, ſetting aſide this or that hypotheſis, 
may be known by inſpection, if thoſe who make it be attentive and im- 
partial. Thus when a man ſees a human body skilfully diſſected, he can- 
not, if he be intelligent and unprejudic'd, but acknowledge, that there is 
a moſt curious and exquiſite contrivance in that incomparable engine, and 
in the various parts of it, which are admirably fitted for diſtinct and deter- 
minate uſes. $ that I cannot ſuppreſs the manifeſt tokens of wiſdom and 
deſign, that are to be obſerved in the wonderful conſtruction and orderly 
operations of the world and its parts ; but endeayour to refer theſe indica- 
tions of wiſdom to the true and proper cauſe. And, as in the hypotheſis 
of the objectors, there may be three cauſes afſign'd of theſe foot-ſteps of 
wiſdom, God, Nature, and Chance; if, according to our doctrine, Nature be 
laid aſide, the competition will remain only between God and Chance: and 
ſure he muſt be very dull, or very ſtrongly prejudic'd, who ſhall think it 
reaſonable to attribute ſuch admirable contrivances, and ſuch regular con- 
ducts, as are obſervable in the corporeal world, rather to chance (which 
is no proper cauſe at all) than to a moſt intelligent Being, from which the 
moſt curious productions may well be expected. But if ſuch a celebrated 
thing, as nature is commonly thought, be admitted, twill not be near ſo 
eaſy to prove the wiſdom of God by his works, ſince theſe may have ano- 
ther cauſe; that moſt watchful and provident Being, which men call nature. 
And this will be more particularly difficult in the Peripatetic hypotheſis of the 
eternity of the world: for, according thereto, there appears no neceſſity, that 
God ſhould have any thing to do with it, fince he did not make this Automaton, 
but it was always ſelf· exiſtent, not only as to matter, but as to form too: 
and as for the government or adminiſtration of the bodies it conſiſts of, that 
is the proper buſineſs of nature. If it be objected, that this Being is by its 
aſſertors acknowledg'd to be ſubordinate to God; I anſwer, that, as it 
may juſtly be queſtion'd, whether many philoſophers, and, perhaps, ſome 
ſects of them, who are adorers of nature, confeſs'd her to be but the ſub- 
ſtitute of a —_— and divine Being; fo, this diſtinction and ſubordina- 
tion is not eaſy to be prov'd againſt thoſe that ſide with the other an- 


cient philoſophers, who either acknowledg'd uo ſuch thing, or _— 
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deny'd it. Beſides, this objection ſuppoſes the exiſtence and ſuperiority of PRrsics. 


a Deity, which therefore needs to be prov'd by other ways; whereas, 


on my hypotheſis, the ſame phenomena that diſcover admirable wiſdom, 
and manifeſt deſigns in the corporeal world, of themſelves afford a ſolid 
argument, both of the exiſtence, and of ſome of the grand attributes of 
God, with which the reſt, that properly belong to him, have a neceſſary 


connexion. 5 | 


The reaſons which I conceive may have induced philoſophers to take up, Safes 


and rely on the receiv'd notion of nature, are ſuch as theſe. 


ar notion of na- 


1. One of the moſt obvious may be taken from the general belief, or, g- 


as men ſuppoſe, obſervation, that ſeveral bodies, as particularly the earth, 
water, and other elements, have each of them its natural place aſſign'd it 
in the univerſe; from which place, if any portion of the element, or a mix d 
body, wherein that element predominates, happens to be remov d, it has a 
ſtrong inceſſant appetite to return to it; becauſe, when there, it ceaſes to 
gravitate, and is then in a place which nature has qualified to preſerve it. 
Now, I readily grant, that there being ſuch a quantity of very bulky 
bodies in the world, 'twas neceſſary they ſhould have places adequate to 
their bigneſs ; and *"twas thought fit by the wiſe architect of the univerſe, 
that they ſhould not be all blended together, but that a great portion of 
each hould, at the beginning of things, be diſpos'd of and lodg'd in a di- 
ſtinct and convenient place. But I ſee no neceſſity of granting what is aſ- 
ſerted in the argument : for inanimate bodies having no ſents or percep- 
tion, it muſt be all one to them in what place they are; becauſe they cannot 
be concern'd to be in one place rather chan in another, ſince ſuch a prefe- 
rence would require a knowledge that inanimate things have not. And, 
for the ſame reaſon, a portion of an element, remov'd by force or chance, 
from what they call its proper place, can have no real appetite to return 
thither ; for, who tells it that 'tis in an undue place, that it may bet- 
ter its condition by removing into another ? And, who informs it, whe- 
ther that place hes on this fide of ir, or on that, above it, or beneath it ? 
Some philofophers, indeed, have been aware of the weakneſs of the argument, 
drawn from the vulgar inſtanceof terreſtrial bodies; which being let tall from 
an eminence, or thrown into the air, fall of themſelves, in a direct line, to- 
wards the centre of the earth; and therefore they have ftrengthen'd it, by 
228 that theſe bodies have not (as the ancients pretended) an ap- 
petite to deſcend to the centre of the earth, but to the ou maſs of their 
connatural bodies. I will not, therefore, accuſe theſe philoſophers, of the 
inconſiderate opinion of their predeceſſors, who would have nature make all 
heavy things to lodge themſelves in the center of the earth, which be- 
ing but a point, cannot contain any one of them ; yet the hypotheſis of theſe 
is liable to other weighty objections. | | 
For, firſt, it is not conceivable, how an inanimate body ſhould have an ap- 
petite to re-unite with homogeneous bodies, whoſe ſituation, and diſtance 
are unknown to it, once. 
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Paysics. (a.) It does not appear that all bodies have ſuch an appetite, as is pre- 
ſumid, of joining themſelves to greater maſſes of connatural bodies. If you 
file the end of an ingot of ſilver or of gold, the filings will not ſtick to their 
own maſs, placed ever fo near, or made to touch them, much leſs will they 
leap to it, when tis at a diſtance from them. The like may be ſaid of al- 
moſt all the conſiſtent bodies we are acquainted with, except the load-ſtone 

and iron, and bodies that participate of one or the other of them. 

(3.) Tis obvious, that what makes terreftrial matter fall thro' the air to 
the earth, is ſome general agent, which, according to the wiſe diſpoſi- 
tion of the author L. the univerſe, determines the motion of thoſe bodies 

we call heavy, by the ſhorteſt ways permitted them, towards the central 

part of the terraqueous globe ; — the body, put into motion down- 

wards, be of the ſame, a like, or a quite different nature, from the greater 

maſs of matter, to which, when tis aſſoicated, it reſts. If, from the 

fide of a ſhip, you let fall a chip of wood, when your arm is ſo ftretch'd 

out, that * 44 2 or ſhorteſt line, between that and the wa- 

ter, lies ever ſo little without the ſhip ; that chip will fall into the ſea, 

which is a fluid body, and quite of another nature than itſelf, rather than 

ſwerve in the leaſt from its line of direction, to rejoin itſelf to the great 

_ of wood, whereof the ſhip conſiſts. On the other fide, if a man, 

ſtanding upon the ſhore juſt by the ſea, ſhall pour out a glaſs of water, hold- 

ing the glaſs juſt over his feet ; that water will fall into the ſand, where 

twill be immediately ſoaked up, and diſperſed, rather than deviate a little, 

poor a maſs of connatural body, as is the ocean. 

To the general belief, uſually made part of the preceding argument, that 

water does not gravitate in water, its own natural place; I reply, that 

water does gravitate in water, as well as out of it, and I elſewhere prove it. 

2. Another ent, in favour of the receiv d opinion of nature, may 

be drawn from the ſtrong appetite that bodies have to recover their uſual 

Rate, when, by any means, they are put out of it, and thereby forc'd into 

a ſtate that is called preternatural ; as air, violently compreſſed in a blown 

bladder, will, as ſoon as the force is remov'd, return to its firſt dimen- 

tons: as the blade of a ſword bent, reſtores itſelf by its mnate power, 

as ſoon as the force ceaſes ; and as water, made hot by the fire, haſtens, 

when tis removed thence, to recover its former coldneſs. 

But this argument, is grounded on the affections of inanimate bodies; 

and ſince an inanimate portion of matter is confeſſedly deſtitute of know- 

ledge and ſenſe; it is uncapable of concern to be in one ſtate, or conſti- 

tution, rather than another; for, it has no knowledge of that wherein it 

is at preſent,” nor remembrance of that from which it was forc'd.; and, 

confequently, no appetite to forſake- the former, and return to the latter. 

But every inanimate body, being, of itſelf, indifferent, to all places and 

Kates, continues in that place, or ſtate, to which the action and reſiſtance 
of other bodies, and eſpecially contiguous ones, effectually determine it. 

And, before it be aſſerted, that water heated, returns, of itſelf, to 


its natural coldneſs; it were fit, that the aſſertors ſhould +: 
| 1 


to join itſelf to ſo 
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what degree, or meaſure of coldneſs is natural to that liqour; and this, Paysics. 
if I miſtake not, will prove no eaſy task. And I think it yet more diffi- . 


cult to determine, what degree of coldneſs is natural to water, ſince this 
liquor perpetually varies its temperature, as to cold and heat, according to 
that of the contiguous, or neighbouring bodies, eſpecially the air. Knd 
therefore the water of an unſhaded pond, for inſtance, tho' it reſts in its 
27 and natural place, as they ſpeak ; yet, in autumn, if the weather 

air, the temper of it will much vary in the compaſs of the fame day; 
and the liquor be much hotter at noon, than early in the morning, or at 
midnight; tho' this great diverſity be the effe& only of a natural agent, 
the ſun, acting according to its regular courſe. And, in the depth of 
winter, tis generally confeſſed, that water is much colder than in the heat 
of ſummer ; which ſeems to be the reaſon of what is obſerv'd by water- 
men, that, on rivers, boats equally laden, will not fink ſo deep in winter 
as in ſummer ; the cold condenſing the water, and, conſequently, making 
it ſpecifically heavier in the former ſeaſon than in the latter. 

s to the motion of reſtitution, obſervable upon the removal, or ceaſin 
of the force in air violently compreſſed, and in the blade of a ſword, 
forcibly bent; I confeſs, it ſeems to me very difficult to aſſign the true 
mechanical cauſe of it: yet, I think it far more likely, that the cauſe 
ſhould be mechanical, than that the effe& proceeds from ſuch a watchful- 
neſs of nature, as is pretended. For I queſtion whether we have any air 
here below, that is in other than a violent ftate ; the lower parts of our 
atmoſphere being conſtantly compreſſed by the weight of the upper. 

A long narrow plate of ſilver, that has not been hammer d, compreſſed, 
or made red-hot in the fire, and ſuffer'd to cool leiſurely, may be bent any 
way, and will conſtantly retain the laſt curve figure, that you gave it. 
But if, having again ſtraiten'd this plate, you give it a few fart ſtrokes 
with a hammer, it will, by that mere mechanical change, become a 
ſpringy body. The like may be obſerv'd in copper, but not fo remarkably, 
and ſcarce at all, in lead. \ oh theſe phenomena, I demand why, if na- 
ture be ſo careful to reſtore bodies to their former ſtate, ſhe does not re- 
ſtore the ſilver- plate to its ſtraitneſs, when it is bent this way, or that 
way, before it be hammer d? and why a few ſtrokes of a hammer ſhould 
entitle the plate to nature's peculiar care, and make her ſollicitous to re- 
ſtore it, when bent? And why, if the ſpringy plate be again heated and 
cooled of itſelf, nature abandons her former care, and ſuffers it quietly 
to continue in what crooked poſture one pleaſes to put it? And what is 
the reaſon of nature's greater partiality to ſilver, copper, and iron, than 
to lead and gold, with regard to the motion of reſtitution? However, 
even in ſword-blades, it has been often obſerved, that tho” if, ſoon after 
they are bent, the force that bent them be withdrawn, they will — 
return to their former ſtraitneſs; yet, if they be kept too long curved, 
they will lofe their elaſtic power, and continue in that crooked poſture, 
tho' the force that put them into it, ceaſes to act: ſo that, it ſeems, nature 
ealily forgets the care ſhe Was here preſumed at fſt to take. A 
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3. It paſſes for current, and ſeems much to favour the opinion of the na- 
turiſts, that what is violent, is contrary to nature, and therefore cannot 
laſt long. This trite ſentence is, by the ſchools, ſo particularly apply'd to 
local motion, that ſome of them have made it the characteriſtic, whereby 
to diſtinguiſh natural motions from others; that the former are perpetual, 
or at leaſt very durable, but the latter, _ continually check'd by the 
ney of nature, continually decay, and are, within no long time, 
ſuppreſſed. 

Bur it may be juſtl 1 whether there is any motion among in- 
animate bodies, that deſerves to be called violent, in contradiſtinction to na- 
tural; ſince, among ſuch, all motions, where no intelligent agent inter- 
venes, are made according to univerſal, and mechanical laws. 

And methinks, the Peripatetics, who are moſt forward to employ this 
axiom, ſhould find but little reaſon for doing ſo, if they conſider d how un- 
ſuitable it is to their doctrine, that the vaſt body of the firmament, and all 
the planetary orbs are, by the Primum Mobile, with a ſtupendous ſwiftneſs, 
whirl'd about from eaſt to weſt, in four and twenty hours, contrary to 
their natural tendency ; and, that this violent and rapid motion, of the 
incomparably greater part of the univerſe, has laſted as long as the world 
itſelf, that is, according to Ariſtotle, for innumerable ages. 

We may alſo obſerve here below, that the ebbing and flowing of the 
ſea, which is generally ſuppos'd to proceed either from the motion of the 
moon, or that of the terreſtrial globe, or ſome other external cauſe, has 
laſted for ſome thouſands of years, and probably will laſt as long as the 


preſent ſyſtem of our yortex continues. 'That orher great ocean too, the 


atmoſphere, conſiſts of numberleſs myriads of corpuſcles, that are here 


below continually kept in a violent ftate; ſince they are elaſtical bodies, 


whereof the lower are ſtill compreſs'd by the weight of the upper. And, 
to make a ſpring of a body, it is requiſite that it be forcibly bent or 
ſtretch' d, and have ſuch a perpetual endeavour to fly open, or to ſhrink 
in, that it will not fail to do either, as ſoon as the force, that hinder'd 
it, is remov d. And, as for the ſtates of inanimate bodies, I ſee not, 
that their being or not being natural, is, with any certainty, manifeſt 


from their being or not being very durable. For leaves that wither in a 


few months, and bloſſoms that often fade in a few days, are as well natu- 


ral bodies, as the ſolid and durable trees that bear them. And ' tis obvious, 


that, whether we make the ſtate of fluidity, or of congelation, to be na- 
tural to water, and the other violent; its change from one of thoſe ſtates 
into the other, and even its return to its former tate, is often, at ſome 
ſeaſons, 'and in ſome places, made perhaps in an hour or leſs, by cauſes 


acknowiledg d to be natural. Miſts, hail, whirlwinds, lightning, falling- 
e 


Lars, Oc. tho* natural bodies, are far from being laſting ; eſpecially in 
compariſon of glaſs, wherein the ingredients, ſand and fix d falt, are 
brought together by great violence of fire. And the motion that a thin 
Plate of this glaſs can exerciſe, to reſtore itſelf to its former poſition, when 

rcibly bent, is in great part a laſting effect of the ſame violence ws 
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fire: and ſo is the moſt durable perſeverance of the alcaline ſalt, one of P 
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the two e of glaſs, tho' very eaſily ſoluble in water and other, 


liquors, and even in the moiſt air itſelf, | 
4. There is a diſtinction of local motion, into natural and violent, ſo ge- 
nerally received and uſed, both by philoſophers and phyſicians, that it 
deſerves our notice here ; ſince it implicitly contains an argument for the 
exiſtence of the thing call'd nature, - ſuppoſing it ſo manifeſt, that an 
important diſtinction may juſtly be grounded on it. 
his objection, I confeſs, is difficult to clear; not for any force in it, 
but the ambiguity of the terms, wherein the diſtinction is employ'd : for 
moſt men ſpeak of this diſtinction of motion, in ſo obſcure, or 10 uncer- 
tain a way, that tis not eaſy to know what they mean by either member 
thereof. Yet ſome there are, who endeavour to ſpeak intelligibly, and 
define natural motion to be that, whoſe principle is within the moving 
body ; and violent motion, that which bodies are put into by an external 
agent. But, even according to this explication, I am not ſatisfied with the 
diſtinction: for, as 'tis a principle received, and frequently employ'd, by 
Ariſtotle and his followers, That whatever moves, is put in motion by pin 
elſe ; it ſeems, that, according to this axiom, all motion may be called 
violent, fince it proceeds from an external agent. And indeed, according 
to the ſchool-philoſophers, the motion of far the greateſt part of the viſible 
world, tho' this motion be moſt regular and laſting, muſt hence be reputed 
violent; ſince they aſſert, that the immenſe firmament itſelf, with all the 
planetary orbs, is perpetually, and againſt its native tendency, hurry'd 


about the centre of the world, once in twenty-four hours, by an external, 


inviſible agent, which they therefore call the Primum Mobile. And as for 
the criterion of natural motion, that its principle is within the moving body, 
it may be ſaid, that all bodies, once in the ſtate of actual motion, what=- 
ever cauſe firſt brought them to it, are moved by an internal principle : for 
inſtance, an arrow, that actually flies in the air towards a mark, moves 
by ſome | non; or other reſiding within itſelf ; for it does not depend on 
the bow twas ſhot out of, ſince *twould continue, tho* that were broken, or 
annihilated ; nor does it _ upon the medium, which more reſiſts than 
aſſiſts its progreſs. And it we ſhould ſuppoſe the air either to be annihi- 
lated, or render d uncapable of furthering or hindring its progreſs, I ſee 
not why the motion of the arrow muſt neceſſarily ceaſe, ſince in this caſe 
there remains no medium to oppoſe its progreſs. When in a watch that 
is wound up, the ſpring endeavours to unbend itſelf ; and when the ftring 
of a drawn bow is broken or let go; the ſpring of the former, and the 
woody part of the latter, both return to a leſs curved line. And tho 
theſe motions are occaſioned by the forcible acts of external agents, yet the 
watch, the ſpring, and the bow, have in themſelves, for ought appears to 
thoſe I reaſon with, an inward principle, by which they are mov d, till 
they have attain'd their poſition. Some would add, that a ſquib, or a 
rocket, tho an artificial body, ſeems, as well as a falling-ftar, to move 
from an internal principle. On the other fide, external agents are requiſite 

to 
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Parsics. to many motions; acknowledg'd to be natural; as the heat of the ſun to 
. the germination and flouriſhing of ſeveral plants, hung up in the air in the 


ſpring. And if in the air-pump you place ſeveral inſects, and withdraw 
33 common air from the receiver, they will lie moveleſs, as if they were 
dead, tho? it be for ſeveral hours, whilſt they are kept from enjoying the 
air : but when that is permitted again to return upon them, they will pre- 
ſently revive, and be brought to move again; as if a fly, for inſtance, 
reſembled a little wind-mill, in being moveleſs of itſelf, and requiring 
the action of the air to put its wings, and other parts into motion. But, 
ſince motion is not eſſential to matter, as diviſibility and impenetrability 
are believ'd to be; the motions of all bodies, at leaſt at the beginning of 
things, and of moſt, the cauſes of whoſe motions we can diſcern, were 
impreſſed on them; either by an external immaterial agent, God, or by 
external portions of matter acting on them. 

And tho* motion be deſervedly made a principal part of Ariſtotle's de- 
finition of nature ; yet men uſually call ſuch motions natural, as are very 
hard to diftinguiſh from thoſe they call violent. Thus, when water falls 
to the ground, they tell us, this motion 1s natural to that liquor, as *tis a 
heavy body; but when a man ſpurts water into the air, they pronounce 
the motion, becauſe of its tendency upwards, to be contrary to nature : 

when he draws water into his mouth thro* a pipe held perpendicu- 
larly, they will have this motion, tho' directly upwards, to be not violent, 
but natural. So when a blown bladder, let fall upon a floor, rebounds, 
the deſcent and aſcent are both ſaid to be natural motions ; tho? the for- 
mer tends towards the centre of the earth, and the latter from it. And 
fo, if, from a conſiderable height, you let fall a ſphere of ſome cloſe wood, 
not too heavy, into a deep veſſel of water, it will deſcend far in that li- 
quor, by a natural motion ; yet its contrary motion, upwards, ought not 
to be eſteem'd violent, fince, according to the ſchools, being lighter in 
Jpecie than water, tis natural to it to affect its 2 place; for which 
green it muſt aſcend to the top of the liquor, and float. Tis, however, 

m theſe tendencies to oppoſite points, that men judge many motions of 
bodies to be natural, or violent. | 

And, indeed, fince it muſt be indifferent to a lifeleſs and inſenſible body, 
to what place tis made to move, all its motions may, in one reſpect, be 
ſaid to be natural; and, in another, violent: for as very many bodies, 
of a viſible bulk, are ſet in motion by external impellents, upon which 
account, their motions may be ſaid to be violent; ſo the generality of im- 
pell'd bodies, move upwards, downwards, Cc. toward any part of the 
world, in what line ſoever they find their motion leaſt reſiſted ; which im- 
pulſe and tendency being given by virtue of what they call the general 
laws of nature, the motion may be ſaid to be natural. 

The vulgar diſtinction of motion, therefore, into natural and violent, is 
not ſo clear and well-grounded, as to oblige us to admit that there is 
ſuch a Being as the naturiſts aſſert. 
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5. I come now to conſider the argument that may be drawn in favour of Paysrcs. 


the receiv'd notion of nature, from the critical evacuations, which happen 
in diſeaſes ; and the ſtrange ſtratagems that nature is ſaid to make ule of, h as os 


examin'd. 


to free herſelf from the noxious humours that oppreſs her. 

This argument I willingly acknowledge to be very conſiderable ; for we 
really ſee, that in continual fevers, eſpecially in hot climates, there uſually 
happen, at certain times of the diſeaſe, notable commotions, or conflicts, 
after which the morbific matter is diſpoſed of, and diſcharged by ways 
ſtrange and ſurprizing; to the great and ſudden relief of the patient. 
Upon this account, I take the argument drawn from criſes to be much the 
ſtrongeſt that can be urged for the opinion from which I diſſent. 

But the body of a man is an incomparable engine, which the moſt wiſe 
author of things has ſo skilfully framed, for laſting many years, that, if 
there were in it an intelligent principle of ſelf-preſervation, (as the natu- 
riſts ſuppoſe there is) things would not, in moſt caſes, be better, or 
otherwiſe managed, for the preſervation of the animal, than they generally 
are. So that the queſtion is not, whether there be a great deal of provi- 
dence and wiſdom exerciſed in the. criſes of diſeaſes ; but upon what ac- 
count it is, that theſe appoſite things are perform d? *Tis the univerſal 
opinion of phyſicians, that tis the intelligent principle they call nature; 
which, being ſollicitous for the welfare of the patient, and diſtreſſed by 
the quantity, or hurtfulneſs of the morbific matter, watches her oppor- 
tunity to 4g it haſtily out of the body, by the moſt ſafe and convenient 
ways, which, in the preſent condition of the patient, can be taken. I, 
on the other ſide, attribute criſes to the wiſdom and ordinary providence 
of God, exerting itſelf by the mechaniſm of that great machine, the world ; 
and of that ſmaller engine, the human body, as conftituted in the patient's 
circumſtances. The reaſons that hinder me from acquieſcing in the gene- 
ral opinion of phyſicians, about criſes, are principally theſe. 

Criſes, properly ſo call'd, very ſeldom happen, except in fevers, and 
the like ac i Aiſeaſes where, according to the common courſe of things, 
the diſorder is ſoon terminated, either by recovery, death, or a change 
into ſome other diſeaſe : but chronical ſickneſſes, unleſs they happen to be 
accompany*d with feveriſh diſtempers, uſually have no criſes. This ar- 
gues, that nature doth not make critical evacuations, upon account of 
uch care and watchfulneſs, as phyſicians aſcribe them to; fince ſhe neg- 
lects to employ ſo wholeſom an expedient in diſeaſes, that are often no 
* dangerous and mortal than acute ones, which ſhe attempts to cure by 
criſes. 
Apain, critical evacuations may be procured by the bare mechaniſm of 
the bedy ; for, by virtue of that, the fibres, or motive organs of the ſto- 
mach, Viſcera, and other parts, being diſtended, or vellicated, by the 
abundance, or acrimony, of the peccant matter, will, ſometimes, by ſuch 
an irritation, be made to contract themſelves vigorouſly, and to throw 
out the matter that offends the part, either by the emunctories of the bo- 


dy, or by whatever paſſages it can, with moſt eaſe, be diſcharged. Thus, 
Vor. II. 8 when 
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Pursrcs. When ſome men find their ſtomachs burden'd with aliment, they provoke 
i co unload itſelf with a feather, or the like, without being beholden to 

nature's watchfulneſs for a criſis, which, probably, ſhe would not attempt. 
And as tis uſual for criſes to be made in 3 by large hemorrhagies at the 
noſe, and gw! wows which is aſcribed to nature's care for the patient's 


recovery; I muſt add, that it hath been often obſerved, that even, after 
death, large bleedings have happen'd at ſeveral other parts of the body ; 
which ſhews, that ſuch excretions may be made by virtue of the ſtructure 
of the machine, or the turgeſcence and acrimony of the humours, without 
any deſign of nature to ſave the life of the patient. 

ndeed, if it appear'd, by experience, that all criſes of diſeaſes either 
expell'd the morbific matter, or notably relieved the patient ; the critical 
attempts of nature would much favour the opinion men have conceiv'd of 
her vigilance and conduct: but unwelcome inſtances daily ſhew, that, as 
ſome criſes are ſalutary, ſo others prove mortal. And, among thoſe that 
do not directly kill the patient, there are ſeveral which leave him in a 
worle condition than he was before. I, therefore, wonder not, that phy- 
ſicians have thought themſelves obliged to lay down ſeveral circumſtances, 
as neceſſary requiſites of a laudable criſis ; if any of which be wanting, 
*tis not thought of the beſt kind: and if the contrary to ſome of them 
happen, 'tis to be judged either pernicious, or hurtful. For, as there 
are two general ways, ſuppoſed to be employ'd by nature, in makin 
criſes ; the one by expulſion of the peccant matter out of the body ; ag | 
the other, by the ſettling of the matter ſomewhere within it ; neither of 
theſe is conſtantly ſucceſsful. 
| Whence experience hath obliged phyſicians to divide criſes not only into 
perfect, that fully determine the event of the diſeaſe ; and imperfect, that 
only alter it for the better or the worſe ; but into falutary, that quite re- 
eve the patient; and mortal, which deſtroy him. And, to a perfect and 
falutary criſis, ſome require no leſs than ſix conditions; that it be pre- 
ceded by ſigns of coction; that it be made by a manifeſt and ſufficient ex- 
cretion, or tranſlation ; that it happen upon a critical day ; that it leave 
no relicks behind, to endanger a relapfe ; that. it be without dangerous 
ſymptoms; and, laſtly, ſuitable to the nature of the diſeaſe, and the pa- 
dent. 

Hence it may appear no common ng to meet with a perfect and ſa- 
lutary criſis, ſince ſo many laudable conditions muſt concur in it. And, 
indeed, nature uſually 1 up but with imperfect ones; and it were 
happy if ſhe made no better, provided ſhe made no worſe. But tis found, 
by fad experience, that ſhe rouzes herſelf up to make a criſis, not only 
upon improper days, but alſo when there appear no ſigns of coction; and, 
by theſe unſeaſonable attempts, weakens the patient. and encreaſes the 
malady, or, perhaps, makes it ſpeedily mortal. Nor will it juſtify nature, 
to ſay, that theſe attempts are accidentally brought on, by the acrimony, 
or importunity of the morbific matter, by which ſhe is provoked, before 
the time, to endeavour an expulſion of it. For if nature be fo pcs 

| an 
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and watchful a guardian, as is thought, ſhe ſhould not ſuffer herſelf to be Paysrcs. 
provoked to act prepoſterouſly, and make furious attempts, that laviſh the . 


little ſtrength the patient hath ſo much need of. And, therefore, phyſi- 
cians often do very well, when, agreeably to the dictates of prudence, 
they forget how much wiſdom they are apt to aſcribe to nature, and 
employ their beſt skill and remedies to ſuppreſs, or moderate, the inordi- 
nate motions, or the improper and profuſe evacuations, that ſhe, when 
irritated, raſhly begins to make. And tho' the criſes that are made by a 
tranſlation of the peccant matter, or by lodging it in ſome particular 
art of the body, often, when they are not falutary, ſomewhat leſs 
bureful than thoſe made by excretion ; yet theſe, frequently, prove dan- 
erous ; ſometimes 3 inward impoſthumes, or external tumors, 
in parts either noble by their functions, ſituation, connexion, or ſympathy 
with others, that are not to be without hazard, or great inconvenience, 
oppreſs d. "Us 
know that phyſicians make it a great argument of nature's providence 
and skill, that ſhe watches for the concoction of the peccant matter, before 
ſhe attempts to expel it by a criſis. But what is to be meant by this coftion 
of humours, they do not clearly declare. As I underſtand it, when they ſay, 
that a portion of peccant matter is brought to coction, they mean, that it 
has acquir'd ſuch a diſpoſition, as makes it more fit than 4 to be ſe- 


liſtent — to which it, perhaps, formerly adhered; and to be afterwards 
expell'd out of the body. As where the lungs are affected by a freſh taken 
cold, we ſee, that, after a few days, the phlegm is made more fluid, and that 
lodg'd in —— is eaſily brought up by the coughing, which could not diſ- 
1 it before. 

nd, in fevers, that ſeparation in the urine, which phyſicians look upon 
as a good ſign of coction, ſeems to be produc'd by ſome part of the peccant 
matter, that, beginning to be ſeparated from the blood, mixes with the 
urine, and is not uſually diftinguiſh'd from it, whilſt this llquor iswarm ; but 
when grown cold, on account of its weight, or texture, appears in a diſtinct 
form; as of a cloud, ſediment, c. 

But, whatever they mean by coction, tis plain that, on many occaſions, 
nature waits not for it, but unſeaſonably, and often with danger, attempts 
to _ off the matter that offends her, before it be duly prepar'd for ex- 

ulſion. | 

; *Tis a circumſtance of criſes, thought the moſt wonderful, that nature 

often, by very unuſual ways, and at unexpected places, diſcharges the mat- 

ter that offends her, and thereby either cures, or notably relieves the pa- 

tient. | 

But, ſetting aſide extraordinary caſes, it ſeems probable, that the perfor- 

mances of nature, in common criſes, are, in ſome meaſure, referable to the par- 

ticular condition of the matter to be expell'd, bur principally to a peculiar diſ- 

poſition in the primitive fabric of ſome parts of the patient's body ; or ſome 

unuſual change made in the W Ig theſe parts by the diſcaſe itſelf, or 
2 other 


parated from the ſounder portion of the maſs of blood, or from the con- 
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Paysics. other accidents : which original, or adventitious diſpoſition being in viſibl 
WYN/ tous, at leaft whilſt the patient lives, we are apt to aſcribe the unexpecte 


accidents of a criſis, if it prove ſalutary, to the wonderful providence .. 
nature ; and if it happen otherwiſe, to overlook them. Plentiful 
evacuations, procured by medicines, are a kind of artificial criſes. Some 
bodies, we ſee, are ſo conſtituted, that tho" the peccant humour, wrought 
on by the medicine, ought, as the phyſician thinks, to be expell'd by ſtool, 
in the generality of thoſe who take rhubarb or ſena ; yet the peculiar 
diſpoſition of the patient's ſtomach will make that an emetic, which was 
intended for a cathartic. Nor doesthis conftitution of the ſtomach equally 
regard all purging medicines ; for the ſame ſtomach that will reject them 
in the form of a potion, will quietly retain them, in that of pills. 
Thus mercury, which tho', when duly prepared, is uſually given to pro- 
cure ſalivation, eſpecially to ſucculent bodies; yet there are = patients, 
wherein, inſtead of falivating, *twill work violently downwards, like a 
purge; or make ſome other unexpected evacuation, And I have ſeen a 
patient, who, tho young and very fat, could not be brought to ſalivate, ei- 
ther by the gentler ways; by turbith- mineral, or other harſher medicines, 
tho adminiſtred by very skiltul phyſicians and chirurgeons. 

And this peculiarity may be as well contracted, as native: for ſome 
perſons, eſpecially after ſurfeits, having been ruffly dealt with, or, at leaſt, 
tired out with a medicine. of this or that kind of form, will afterwards 
nauſeate and vomit up the like, tho* in other bodies it be very far from 


We ſee, alſo, that ſometimes ſudorific medicines, inſtead of procuring 


Tweat, prove briskly diuretic, and ſometimes either purging or yomitive. 


From all this we may argue, that the qualities of the irritating matter, 


and much more the particular diſpoſition of the patient's body, may pro- 


cure evacuations at unexpected places. 

There are alſo inſtances of periodical and critical evacuations, at very in- 
convenient, and unuſual vents. Thus ſome women are recorded to have 
had their menſes, ſometimes at the eyes, ſometimes at the navel, ſometimes 
at the mouth, Oc. of which there ſeems no cauſe ſo probable, as ſome pe- 
cular ſtructure, whether native or adventitious, of the internal parts con- 
cern'd in that diſcharge : and of ſuch unuſual ſtructures, anatomiſts muſt 
have ſeen many, fince I myſelf have obſerv'd more than one or two. Now 
iftheſe uncommon ways of diſpoſing of the morbific matter, we real ways ſa- 
lutary to the patient, the argument grounded on them would have more 
weight: but tho moſt men take notice of this ſort of criſes, only when they 
are lucky, yet an impartial obſerver ſhall often find, that ill- condition d and 
hurtful ones, may be made by unuſual and unexpected ways. And, in 
ſome tranſlations of the morbific matter to diſtant and nobler parts, per- 
haps it will be as difficult to ſhew, by what channels or known ways the 


matter paſs'd from one to another, as tis to determine, how it was con- 
ducted to the parts that moſt happily vented it. 


„ 


Tis 
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that happen to them, or has a neceſſary connexion with the one, the other 


or both. And tho' I think it probable, that in the conduct of that far 


greateſt part of the univerſe, which is merely corporeal, the wiſe author 


of it ſeldom manifeſtly procures a receſs from the ſettled courſe of the 


univerſe, and eſpecially from the moſt general laws of motion; yet, where 
men, who are creatures, that he is pleas'd to endow with free-will (at leaſt 
with regard to things not ſpiritual) are nearly and highly concern'd ; he 
may, not only ſometimes by thoſe ſignal and manifeſt interpoſitions we call 
miracles, acted in a ſupernatural way; but, as the ſovereign lord and go- 
rernour of the world, frequently give, by the intervention of rational minds, 
as well united, as not united to human bodies, ſeveral ſuch determinations 
to the motion of parts in thoſe bodies, and of others, which may be affected 
by them, as by laws merely mechanical, thoſe parts of matter would not 
have had: and by motions ſo determin'd, either ſalutary or fatal criſes, 
and many other things, conducive to the welfare or detriment of men, may 
be produced. 

he interpoſition of divine providence, in caſes of life and death, might 
be eaſily ſhewn to chrittians, from ſeveral paſſages of ſcripture. And, I 


think, it becomes a chriſtian philoſopher, to admit in general, that God 


ſometimes in a peculiar, tho' ſecret way, interpoſes in the ordinary phe- 


nomena and events. of criſes; but that this is done ſo ſeldom, at leaſt in a 


way that we can certainly diſcern, that we are not haſtily to have recourſe 
to an extraordinary providence, and much leſs to the ſtrange care and skill 
of that queſtion'd Being call'd nature, in a particular caſe, if it may be 
probably accounted for by mechanical laws, and the ordinary courſe of 


things. 

When we conſider the world, and the phyſical changes that happen in 
it, with regard to the divine wiſdom and providence; the arguments for the- 
affirmative ought, in their kind, to have more force than thoſe for the ne- 


tive. For it ſeems more allowable, to argue a providence from the exqui- 
lite ſtructure and-ſymmetry of the mundane bodies, and the apt ſubordi- 
nation and train of cauſes, than to infer from ſome phyſical irregularities, 
that things are not fram'd and adminiſtred by a wiſe author and gover- 
nour. For the characters and impreſſions of wiſdom, conſpicuous in the 
curious fabric, and orderly train of things, can, with no probability, be 
referr'd to blind chance, * to a moſt intelligent and deſigning agent. 


Whereas, on the other hand, the irregularities we ſpeak of, are incompa- 


rably fewer than thoſe things which are regular, and produc'd in an or- 
derly way ; and the divine maker of the univerſe being a moſt free agent, 
and having an intellect infinitely ſuperiour to ours, may, in the production 
of ſeemingly irregular phenomena, have ends unknown to. us, which even 
theſe irregularities may be very fit to compals. 
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SE CT. II. 


O proceed, the moſt general and current axioms concerning nature, 

employ d in the writings of philoſophers, may have a fair account 

given of them, agreeably to the doctrine hitherto —_— tho* ſome of 

theſe axioms ſuppole, and others ſeem ſtrongly ro ſupport the receiv'd no- 
tion of nature. 

But before I conſider the particular maxims receiv'd concerning nature's 


actions, let us ſee in what ſenſe nature may, or may not, be ſaid to act at 


all, or to do this or that. 
For ought I can clearly diſcern, whatſoever 3 in the merely 
material world, is really done by particular bodies, acting according to 


the laws of motion, Oc. ſettled and maintain d by God, among things vor- 


real. In which hypotheſis, nature ſeems rather a notional thing, than a 
true phyſical, diſtin efficient ; ſuch as would be, in cafe Ariſtotle's do- 
ctrine were true, one of thoſe intelligences he preſum'd to be the movers 
of the celeſtial orbs. But men often expreſs themſelves ſo very ambigu- 
ouſly, or intricately, when they ſay, that nature does this, or acts thus, 
that tis ſcarce poſſible intelligibly to tranſlate their expreſſions into any 
forms of ſpeech, adequate to the originals. 

1. In this axiom, every nature preſerves it ſelf ; by the word nature, I 
ſuppoſe, is underſtood a natural body, otherwiſe I know not what it 
means. Thus, then, it may either ſignify, that no one body tends to its 
own deſtruction, or that, in every body, there is a principle call'd nature, 
upon account whereof the body is vigilant and induftrious to preſerve 
its ſtate, and to defend itſelf from the violence and attempts of all other 
bodies that oppoſe, or endeavour to deſtroy or harm it. 

In the former ſenſe, the axiom may be admitted, without any preju- 


dice to our doctrine: according to which, inanimate bodies can have nei- 


ther appetites, hatreds, nor deſigns; ſo that we may eaſily grant, the 
have — to deſtroy — * 

But, according to the other ſenſe of the axiom, twill import, that every 
body has within it ſelf a principle, whereby it deſires, and with all its 
power endeayours to compals its own preſervation; and both to do thoſe 
things, that tend thereto, and oppoſe all endeavours, that outward agents, 
or internal diſtempers, may uſe to compaſs the deſtruction of it. 

And, as this is the moſt vulgar ſenſe of the axiom, ſo tis chiefly in 
this, that I am concern'd to examine it. a 

I conceive, then, that the moſt wiſe creator of things at firſt ſo framed the 
world, and ſettled ſuch laws of motion between the bodies, which, as parts, 
compoſe it; that by the aſſiſtance of his general concourſe, the portions 
of the univerſe, are lodg'd in ſuch places, and furniſh'd with ſuch powers, 
that, by the help of his general providence, they may have their beings 
continued and maintained, as long as the courſe he thought fit to eftabliſh 
amongſt things corporeal, requires. 

| Upon 
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Upon this ſuppoſition, which is but reaſonable, there will appear no Parsrcs. 
neceſſity to have any recourſe, for the 1 of particular bodies, 


to ſuch an internal appetite and in-bred knowledge in each of them, as 
the naturiſts preſume : ſince, by virtue of the original frame of things, 
and eſtabliſhed laws of motion, bodies are neceſlarily determined to act on 
ſuch occaſions, after the manner they would, if they had really an aim at 
ſelf- preſervation. 

Thus, tis all one to a lump of dough, whether you make it into a round 
loaf, a long roll, or a flat cake: for in whatever figure the hands leave it, 
that it retains without having any appetite to return to the former. The ma- 
riner's needle, before it is excited, may have no particular propenſity to one 
part of the heavens more than another ; but when it has been duly touch'd 
upon a load-ſtone, the flower-de-luce will be derermin'd to the north, and 
the __— extreme to the ſouth. So that, if the lily be drawn aſide, to- 
wards the eaſt or the weſt, as ſoon as the force that detain'd it, is re- 
mov'd, it will return to its former poſition, and never reſt, till it regard 
the north. But, in ſpite of this ſeeming affeCtion of the lily to that point 
of the horizon, yet, if the needle be duly touch'd upon the contrary pole 
of a vigorous load-ſtone, the lily will preſently loſe its former inclination, 
and regard the ſouth part of the heavens. 

2. Another received axiom concerning nature, is, that ſhe never fails of her 
end. This propoſition is very ambiguous. However, if by nature we 
here underſtand the Being, that the ſchool-men ſtyle Natura naturans ; I 
allow that nature never miſſeth its end. For the omniſcient and almighty 
author of things having once ſramed the world, and eſtabliſh'd in it the 
laws of motion, which be conſtantly maintains, there can no irregularity 
happen, eſpecially among the greater mundane bodies, that he did not 


from the beginning foreſee and permit. And tho, on ſome ſpecial occa- 


ſions, this inſtituted order, either 8 or really, has been violated; 
t theſe things happening but rarely, an - weighty ends and purpoſes, 


e 
by the peculiar intervention of the firſt cauſe, either guiding or over-ruling 


the propenſities and motions of ſecondary agents; it cannot be ſaid, that 
God is fruſtrated of his ends by theſe exorbitances, whereby he moſt 
wiſely and eſſectually acccmpliſhes them. But, if by nature be meant ſuch. 
a ſubordinate principle, as men uſually underſtand by that name, I doubt 


the axiom is in many caſes falſe : for tho the material world. is fo conſtitu- 


ted, that, for the moſt part, things are brought to paſs by corporeal 
agents, as regularly, as if they deflzned the effects they produce; yet 
there are ſeveral inſtances wherein things happen quite otherwiſe. 

Thus when a woman is pregnant, the aim of nature is, to 8 a 

erfect human fœtus; yet we often ſee, nature widely miſfing 

inſtead of that, produces a monſter. Thus the ſap, that nature raiſes with 
intent to feed the fruit of a white-thorn, for inſtance, is by grafting 
brought to nouriſh a fruit of quite another kind. So, when the malſter 
makes barly to. ſprout, whence nature intends to produce ſtalks and ears, 


tis perverted to a very different ole. 
"_ ® WY 3. Another 
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Paysics. 3. Another celebrated axiom concerning nature, is, that ſhe always acts 
by the ſhorteſt ways. But this rule, as well as ſeveral others, requires to 
be explained and limited, before it be admitted. *Tis true, the omniſcient 
author of the univerſe has ſo framed it, that moſt of its parts act as regu- 
larly in order to the ends propoſed, as if they did it with deſign. But ſince 
inanimate bodies have no knowledge, it cannot reaſonably be ſuppoſed, 
that they moderate and vary their own actions, according to the exigency 
of particular circumſtances, wherewith they muſt of neceſſity be un- 
acquainted ; it were therefore ſtrange, if various occurrences did not de- 
termine them to act by other than the ſhorteſt ways, that lead to particular 
ends, if thoſe other ways be more agreeable to the _ laws or cuſtoms 
eſtabliſhed among things corporeal. This I prove by inſtances taken from 
gravity itſelf, a quality perhaps very probably refer'd to an innate power 
and propenſion. For * heavy body be let fall into the free air, twill 
take its courſe directly towards the centre of the earth; and, if it meet 
with an inclining plane, which puts it out of its way, it will not loſe its 
tendency towards the centre, but run along that plane, by which means its 
tendency downwards is proſecuted, tho not, as before, in a perpendicular 
line, yet in the ſhorteſt way it is permitted to take. Theſe obvious phe- 
nomena, I confeſs, agree very well with the vulgar axiom, and poſſibly 
were the chief things that induced men to frame it. But now let us ſu 
poſe, that a little ſphere of marble or ſteel, after having long fallen thro' 
the air, lights upon a pavement of hard ſtone, that lies horizontal; in this 
caſe, experience ſhews, that the falling globe will rebound to a conſiderable 
height, and falling down again, rebound again, and ſo for ſeveral times 
ſucceſſively, before it approaches as near as is permitted it, to the centre 
of heavy bodies. But if nature acted in all caſes by the ſhorteſt ways, this 
ſphere ought not to rebound at all. And having taken a good ſea- compaſs, 
and ſuffer'd the magnetic needle to reſt north and ſouth; if I held the 
proper pole of a load-ſtone at a convenient diftance, on the right or 
left hand of the lily, this would be drawn aſide from the north point to- 
wards the eaſt or weſt, as I pleaſed ; and then the load- ſtone being quite 
remov d, the lily of the needle would indeed return northward, tho not 
ſtop in the magnetic meridian, but paſſing on ſeveral degrees beyond 
it, twould thence return without ſtopping at the meridian line: and 
ſo, by its vibrations, deſcribe many arches ſtill ſhorter and ſhorter, 
till at length it came to ſettle on it, and recover that poſition, which, if 
nature always aCted by the moſt compendious ways, it ſhould have reſted 
at the firſt time it had regain d it. The truth is, that, at leaſt, inanimate 
bodies, acting without knowledge or deſign of their own, cannot ſtop or 
moderate their own actions, but muſt neceſſarily move as they are deter- 
mined by the general laws of motion; according to which, im one caſe, the 
impetus, that a body acquires by falling, is more powerful to carry it 
on beyond the line of direct ion, than the action of the cauſes of gravity is 
to ſtop it, as ſoon as it comes to the neareſt place they can give it to the 
centre of the earth. And ſomething like this happens in levity, as well as 


gravity ; 
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liberty to aſcend, it will not only regain the ſurface of the water, where, 
by the laws of gravity, it ought to reſt, and did reſt before it was forc'd 
down; but. riſe far beyond that ſurface, and in part, as it were, ſhoot it- 
ſelf up into the incumbent air, then fall down again, and rife a ſecond 
time, and perhaps much oftner, and fall again, before it ſettles in its due 
place, wherein it is in an equilibrium with the water, that endeavours to 
preſs it upwards. 

4- Another maxim, generally receiv'd concerning nature, is, that ſhe al- 
ways does what is beſt. But of this it will not be ſafe to deliver an opi- 
nion, till I have remov'd the ambiguity of the words; for they eaſily admit 
of two different ſenſes. They may ſignify, that nature, in the whole 
univerſe, does always that which is beſt for the preſervation of it in its 

reſent ſtate; or that, with regard to each body in particular, nature 
Ain does what moſt conduces to the preſervation and welfare of that bo- 
dy. In the firſt of theſe ſenſes, the axiom will be leſs liable to exception ; 
but then, I fear, it will be difficult to be poſitively made out, by ſuch 
inſtances as prove that nature acts otherwiſe than neceſſarily according to 
mechanical laws. And, therefore, till I meet with ſuch proofs, I ſhall 
proceed to the other ſenſe ; which, tho” the moſt uſual, I cannot admit, 
without it be both 22 and limited. I readily grant, as I have often 
occaſion to repeat, that the all-wiſe author of things corporeal has ſo 
framed the world, that moſt things happen in it, as if the particular bo- 
dies that compoſe it, were watchful both for their own welfare, and that 
of the univerſe. But I think, withal, that particular bodies, at leaſt 
ſuch as are inanimate, acting without either knowledge or deſign, their 
actions tend not to what is for them in their private capacities, any 
further than ſuits with the general laws of motion, and the important 
cuſtoms eſtabliſh'd among things corporeal: ſo that, in conformity hereto, 
ſeveral _ are done, that are neither the beſt, nor ſo much as good, 
with to the welfare of particular bodies. 

We often ſee, that fruit-trees, eſpecially when they grow old, will, for 
one ſeaſon, be ſo overcharg'd with fruit, that they decay and die ſoon af- 
ter; and even, whilſt they flouriſh, the exceſſive weight upon them, ſome- 


times breaks off the branches, and thereby both hinders the maturity of 


the fruit, and haſtens the death of the tree. Now this fatal profuſion 
would have been prevented, if a wiſe nature, harbour d in the plant, did, 
as is preſumed, ſollicitouſly watch for its welfare. 

We ſee, alſo, in ſeveral diſeaſes, and in the unſeaſonable and hurtful 
criſes of fevers, how far, what men call nature, often is from doing that 
which is beſt for the patient's preſervation. In many diſeaſes, a great 
part of the phyſician's work is to 1 the fury, and to correct the er- 
rors of this pretended nature; which being, as *rwere, tranſported with 
A _—_ _ impetuous paſſion, W 2 ly produces — 3 
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gravity » for if you take an oblong and conveniently ſhaped piece of light Pays1cs. 
wood, and having ſunk it to the bottom of deep ſtagnant water, give it 
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Paysics. diſorders in the body, that, if ſhe were wiſe and watchful of its welfare, 

WY VV ſhe would have been as careful to prevent, as the phyſician to remedy. 
And if nature be ſo provident and watchful for the good of men, and 
other animals, and of that part of the world wherein they live ; how 
comes ſhe, from time to time, to deftroy ſuch multitudes of men and 
beaſts, by earth-quakes, peſtilences, famine, @c. 

5. The word Vacuum being ambiguous, and uſed in differing ſenſes ; *tis 
requiſite, before I declare my opinion about the receiv'd axiom of the 
ſchools; that nature abhors a Vacuum, to premiſe the chief acceptations, in 
which I have obſerv'd the term Vacuum to be uſed for it has ſometimes 
a vulgar, and ſometimes a philoſophical, or ſtrict fignification. In common 
ſpeech, to be empty, uſually denotes, not to be deſtitute of all body 
whatſoever ; but of that body men ſuppoſe ſhould be in the thing ſpoken 
of, or of that which it was framed, or Jelign d to contain. Thus, we ſay, 
a purſe is empty, if there be no money in it; or a bladder empty, when 
the air is ſqueez d out, &c. The word Vacuum is, alſo, taken in another 
ſenſe, by philoſophers who ſpeak ſtrictly, when they mean by it a ſpace 
within the world, wherein there is not contain'd any body whatſoever. 

Now the chief, if not the only, reaſon that moves the generality of phi- 
loſophers to believe, nature abhors a Vacuum, is, that, in ſome caſes, 
they obſerve an unuſual endeavour, and, perhaps, a forcible motion in 
water, and other bodies, to oppoſe a Vacuum. But I am not apt, without 
abſolute neceſſity, to aſcribe to inanimate, and ſenſeleſs, bodies, the ap- 
petites and hatreds that belong to rational, or ſenſitive, Beings ; and, 
therefore, think it a ſufficient reaſon to decline employing ſuch improper 
2 if, without them, the motions, aſcribed thereto, can be accounted 

or. ; 

If the Carteſian notion of the eſſence of a body, conſiſting in three dimen- 
ſions, be admitted, it can ſcarce be deny'd, that nature does not produce 
theſe great, and irregular efforts to hinder a Vacuum; ſince, it being im- 
poſſible there ſhould be any, twere a fond thing to ſuppoſe, that nature, 
who is repreſented to us as a moſt wiſe agent, ſhould take pains, and do 
extravagant things, to prevent an impoſſible miſchief. 

If the atomical 8 be admitted, it muſt be granted, that nature 
is ſo far from abhorring a Vacuum, that a great part of the things ſhe 
does, require it ; fince they are brought to paſs by local motion ; and there 
are very many caſes, wherein, according to thels hiloſophers, the neceſ- 
ſary motions of bodies cannot be perform'd, unleſs the corpuſcles, that lie 
in their way, have little empty ſpaces to retire, or be impell'd into; when 
the body, that impels them, endeavours to diſplace them. Whence the 
axiom, that nature abhors a Vacuum, agrees with neither of the two 
great ſects of the modern philoſophers. 

Bur, for ought 2 by the phenomena employ'd to demonſtrate na- 
ture's abhorrence of a Vacuum; either nature does not abhor a Vacuum, 
even when ſhe ſeems ſollicitous to hinder it; or, ſhe has but a very mode- 


rate hatred of it, in that ſenſe wherein the vulgar philoſophers take the 
word Vacuum. | For, 
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For, in almoſt all viſible bodies here below, and even in the atmoſphere Parygics. 


* ;rſelf, there is more or leſs of gravity, or tendency towards the centre of 


our terraqueous globe; whence nature need not diſquiet herſelf, and act 
irregularly, to hinder a Vacuum: ſince, without her abhorrence of it, it 
may be prevented or repleniſhed, by her affecting to place all heavy bodies 
as near the centre of the earth, as heavier than they will permit. And 
even, without any deſign of her's, a vacuity will be as much oppos'd, as 
we really find it, by the gravity of moſt, it not of all bodies here below, 
and the fluxility of hquors. For, by virtue of their gravity, and the mi- 
nuteneſs of their parts, they will be determin'd to inſinuate themſelves 
into, and fill all the ſpaces, that they find not already poſſeſſed by other 
bodies, either more ponderous, in — than themſelves, or, by reaſon 
of their firmneſs of ſtructure, capable of reſiſting, or hindering, their de- 
ſcent. Accordingly, we obſerve, that, where there is no danger of a 
Vacuum, bodies may move, as they do, when they are ſaid to endeavour 
its prevention. Thus, if you would thruſt your hand deep into a veſſel 
of ſand, and afterwards draw it out again; there will need nothing but 
the gravity of the ſand to make it fill up the greateſt part of the ſpace de- 
ſerted by the hand. And if the veſſel be repleniſhed, inftead of ſand, with 
an aggregate of corpuſcles more minute and ſmooth than the grains of 
that, as, for inſtance, with quick-ſilver, or with water; then the ſpace, 
deſerted by the hand, will be, to ſenſe, compleatly fill'd by the corpuſcles 
of the fluid. And if you take a glaſs-pipe, whoſe cavity is too nar- 
row to let water and quick- ſilver paſs by one another in it; and having 
lodg'd a ſmall cylinder of mercury, of about half an inch long, in the 
lower part, you carefully ſtop the upper orifice with your finger, the quick- 
ſilver will remain ſuſpended in the pipe: and if, then, you thruſt the 
tube directly downwards, into a deep glaſs of water, till the quick- 
ſilver be depreſſed about a foot beneath the ſurface of the water; and then 
take off your finger from the orifice of the pipe, the quick-ſilver will, im- 
mediately, aſcend ſwiftly, for five or ſix inches, and remain ſaſpended ar 
this new ſtation. Here, therefore, we have a ſudden aſcent, of ſo heavy 
a body as is quick-filver, and a ſuſpenſion of it in the glaſs, not produced 
to prevent, or fill a Vacuum; for the pipe was open at both ends: the 
— — being but genuine conſequences of the laws of the equilibrium 
of liquors. 

Cinfdering how great a power the ſchool-philoſophers aſcribe to na- 
ture, I am the leſs inclined to think her abhorrence of a Vacuum ſo great 
as they imagin'd. I have ſhewn, that her averſion to, and watchfulneſs 
againſt it, are not fo vehement, but that, in the ſenſe of the Peripatetics, 
ſhe can quietly admit it, in ſome caſes; where, with a very ſmall en- 
deavour, ſhe might prevent, or repleniſh it. When the Torricellian experi- 
ment is made, tho it cannot, perhaps, be fully prov'd, either againſt the Car- 
tefians, or fome other Pleniſts, that, in the upper part of the tube, deſerted 
by the quick-filver, there is a Vacuum, in the ſtrict philoſophical ſenſe of 
the word ; yet, as the Peripatetics declare their ſenſe, by their reaſonings 

1 againſt 
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Pars1CS. againſt a V. acuum, *twill appear very hard for them to ſhew, there is 
LYN not one in that tube. And, as by the ſcholaſtic way of arguing, na- 


rure's hatred of a Vacuum, from the ſuſpenſion of water, and other li- 
quors, in tubes and conical watering-pots, it appears, they thought that 
any ſpace here below, deſerted by a viſible body, not ſucceeded by another 
viſible body, or at leaſt by common air, may be reputed empty; ſo, the 
ſpace deſerted by the quick-ſilver, at the top of = barometer, thirty- 
one inches long, will invite one to doubt, whether a Vacuum ought to 
be thought ſo formidable a thing to nature, as they imagine ſhe thinks it? 
For, what miſchief would enſue to the univerſe, upon the production or 
continuance of ſuch a Vacuum, tho' the deſerted ſpace were much more 
than an inch, and continued many years, as has ſeveral times happen'd in 
the taller ſort of mercurial barometers > And thoſe Peripatetics who tell 
us, if there were a Vacuum, the influences of the celeſtial bodies, that are 
abſolutely neceſſary to the preſervation of the ſublunary ones, would be in- 
tercepted, ſince motion cannot be made in vacuo, would do well to prove ſuch 
a neceſſity ; and to conſider, that in our caſe the top of the quic k-ſilver, 
to which the Vacuum reaches, uſually appears protuberant ; which ſhews, 
that the beams of light are able to paſs thro that Vacuum, being, in ſpite of it, 
reflected from the Mercury to the eye. And in ſuch a Vacuum, as to com- 
mon air, I have try'd, that a load-ſtone will emit its effluvia, and move 
iron or ſteel placed therein. 

In ſhort, it is not evident, that, here below, nature ſo much endeavours 

to hinder or fill up a Vacuum, as to manifeſt an abhorrence of it: and, 
without much * ſolicitude, a Vacuum, at leaſt a philoſophical one, is 
as much provided againſt, as the welfare of the — requires, by gra- 
vity and the fluxility of the. liquers, and other bodies. 
6. I come now to the celebrated ſaying, that nature cures diſeaſes, taken 
from Hippocrates, who expreſſes it in the plural, »owy guorts lire. And be- 
cauſe this axiom is generally receiv'd among phyſicians and philoſophers, 
and ſeems to be one of the principal things, that has made them introduce 
ſuch a Being as they call nature; I ſhall attentively conſider, in what 
21 and how far, this famous axiom may, or ſhould not, be admit- 
ted. 

Firſt, then, I conceive it may be taken in a negative ſenſe, ſo as to im- 
port, that diſeaſes cannot be cured in ſuch perſons, in whom the aggregate 
of the vital powers, or faculties of the bats, is ſo far weaken'd or depra- 
ved, as to be utterly unable to perform the functions neceſſary to life ; or 
at leaſt to actuate and aſſiſt the remedies employ'd by the phyſician, to pre- 
{erve or recover the patient. 

This I take to be the meaning of ſuch uſual phraſes as theſe, Phyſic comes 
too late. Nature is quite ſpent, &c. And in this ſenſe I readily acknowledge 
the axiom to be true. For, where the engine has fome neceſſary parts, 
whether fluid or ſolid, ſo far depray'd or weakned, as to render it altoge- 
ther unable to co-operate wth the medicine, it cannot be rationally expect- 
ed, that the adminiſtration of that medicine, ſhould prove effectual. wa 

there 
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there is a poſitive ſenſe of our axiom, wherein it is the moſt uſually em- Puys1cs. 
ploy'd ; for men commonly believe there reſides in the body of a ſick per- V 


ſon, a certain provident or watchful Being, that induſtriouſly employs itſelf, 
by its own endeayours, as well as by any occaſional aſſiſtance, to rectify 
— is amiſs, and reſtore the diſtemper d body to its priſtine ſtate of 
health. 

Now, I conceive that the wiſe and beneficent maker of the world, in- 
tending that men ſhould, for the moſt part, live a conſiderable number of 
years, in a condition to act the parts aſſign'd them; he was pleas'd to 
frame human bodies ſo, that, with the ordinary ſuccours of reaſon, Cc. 
they may in many caſes recover a ſtate of health, if they chance to be put 
out of it by leſs accidents than thoſe, that God, in compliance with the 
great ends of his general providence, did not think fit to ſecure them from, 
or enable them to ſurmount. Many things, therefore, that are commonly 
aſcrib'd to nature, may be better aſcribed to the mechaniſm of the univerſe, 
and the human body. 

The cauſes that diſorder the human frame, are often tranſient, but 
the ſtructure of the body it ſelf, and the cauſes that conduce to the preſer- 
vation of its ſtructure, are more ſtable and durable; and, on that account, 
may enable the engine to out- laſt many things that are unfriendly to it, as 
{light hurts, and diſeaſes. 

Several phenomena of diſeaſes may be illuſtrated, by ſuppoſing dirt 
thrown into a vial of fair water, and then the vial to be well ſhaken; 
whereby the water will loſe its tranſparency, upon a double account ; that 
of the dirt, whoſe opake particles are confounded with it; and that of the 
bubbles, which ſwim at the top of it : yet to purify this water, and make it 
recover its former tranſparency, there needs no particular care or deſign 
of nature ; but, according to the common courſe of things, after ſome time 
the bubbles will break and vaniſh at the ef and the earthy particles, that 


compoſe the mud, will, by their gravity, ſubſide to the bottom, and ſettle 


there, whence the water becomes clear again. 


There is indeed one thing, to which the maxim, Nature cures diſeaſes, 


may be very ſpeciouſly applied; and that is the healing wounds; which, if 
but in the fleſh, may often be cured without medicines. However, this 
healing ſeems to be only an effect or conſequent of that fabric of the body, 
on which nutrition depends. For the alimental juice being, by the cireu- 
lation of the blood * carried to all parts of the body; if it meets 


any where, either with preternatural concretions, or with a gap made bx 


a cut or wound, its particles there concrete into a kind of fleſn, or other 
body, which that juice, in the place and other circumſtances tis in, is 
fitted to conſtitute. Thus not only wens and ſcrophulous tumors are nou- 
riſh'd in the body, but miſ-ſhapen mola's grow in the womb, as well as 
embryo's. And we ſee, in wounds, that fungus's are as well produced 
and nouriſh'd by the aliment brought to the wounded part, as the true 
and genuine fleſh ; ſo that either nature ſeems much miſtaken, if ſhe de- 
ſigns the production and maintenance of fuch ſuperfluous and inconvenient 

bodies z, 
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Parsics. bodies; or the chirurgeon is much to blame, who induſtriouſly deftroys 
them. But, for ought appears, nature is not ſo ſhy and reſerv'd in her 


bounty, but that ſhe ſends nouriſhment, to repair as well things that do 
not genuinely belong to the body, as to reſtore fleſh to wounded parts. 
This appears by warts and corns, that grow again after they are cut. 
And I have ſeen a woman, in whoſe forehead nature was careful to 
nouriſh a horn, above an inch in length; which I fully examin'd, whilft ir 
was yet growing upon her head, to avoid being impoſed upon. 

But there are many diſeaſes, as well acute as chronical, wherein, tis 
confeſs d, that nature alone does not work the cure; ſo that the aphoriſm, 
which makes nature the curer of theſe, is not true, but in a limited ſenſe. 
*Tis, indeed, pretended, that even here, nature is the principal agent, by 

whole direction the phyſician acts in ſubſervience to her deſigns ; and 
— themſelves acknowledge, that they are but nature's miniſters. 

t us, therefore, ſee in what ſenſe it is fit, according to our doctrine, to 

admit theſe aſſertions. | | 

One great cauſe of the common miſtakes about this matter, is, that the 

body of a man hath been look d upon, rather as a ſyſtem of parts, where- 
of moſt are groſs and conſiſtent, and not a few hard and ſolid too, than 
as, what indeed it is, a very compounded engine; that, beſides theſe 
parts, conſiſts of the blood, chyle, gall, and other liquors; and of more 
ubtile fluids, as ſpirits and air: all which are inceſſantly and variouſſ 
moved, and thereby put ſeveral of the ſolid parts into frequent and dif. 
fering motions. When, therefore, the conftitution, or the motions, that in a 
ound body, regularly belong to the fluids, happen, the former to be de- 
prav'd, or the latter to — irregular; the engine is immediately out of 
order, tho” the groſs ſolid parts were not primarily affected: ſo, when by 
proper remedies the vitiated texture of the blood, or other juices, is cor- 
rected, and the inordinate motions of them and the ſpirits are calm'd and 
rectify d, the groſſer and more ſolid parts of the body, and ſo the whole 
animal ceconomy, will be reſtored to a more convenient ſtate. 

The phyſician, in my opinion, is to look upon his patient's body, as an 
engine out of order; yet ſo conſtituted, that, by concurring with the 

endeavours, or tendencies, of the parts of the machine, it may be brought 
to a better ſtate. If, therefore, he find, that, in the preſent diſpoſition of 
the body, there is a propenſity to throw off the matter that offends it, in 
a convenient way, — at commodious places; he will then act ſo, as to 
comply with, and further that way of diſcharge, rather than another. 
As, if there be a great appearance, that a diſeaſe will quickly have a 
eriſis by ſweat; he will rather further it by covering the patient with 
warm clothes and giving ſudorific medicines; than, by endeavouring to 
carry off the peccant matter by purging or vomiting, unſea ſonably hinder 
a Gilokarge, that probably will be beneticial. And, in this ſenſe, men may 
1ay, if they pleaſe, that the phyſicians are miniſters or ſervants of nature; 
astea-men,” when the ſhip ſails before a wind, will not ſhift their 
Aails, nor alter the ſhip's motion, they need not. But to how, 
; 22ihod that 
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that tis, as *twere, by accident, that the phyſician, in this caſe; obeys Pursics. 
nature, (to wok in the language of the naturiſts ; ) there are many . 


other caſes, wherein the ph fician, if skilful, will be fo far from takin 
nature for his guide, to direct him by her example; that a great part + 


his care and skill is employ'd, to hinder her from doing what ſhe ſeems to 


delign; and to bring to paſs other things very differing from, if not con- 
trary to, what ſhe endeavours. 


Thus, tho' nature, as tis call d, importunately craves for drink in drop- 


ſies, the phyſician thinks himſelf obliged to deny it; as he does what his 
patients . deſire in the Pica, Oc. Thus alſo the chirurgeon often 
hinders nature from cloſing up the lips of a wound, as ſhe would unskil- 
ſully do, before it be well and ſecurely heal'd at the bottom. So the phy- 


ſician, by purging or phlebotomy, carries off the matter, that nature. 


would more dangerouſly throw upon the lungs. 

In ſhort, I look upon a good phyſician, not properly as a ſervant to 
nature, but a counſellor and a Friendly aſſiſtant ; who, in his patient's 
body, furthers theſe motions, and other things, that he judges con- 


ducive to the welfare and recovery of it: but as to thoſe, that he per- 
ceives likely to be hurtful, either by increaſing the diſeaſe, or otherwiſe - 


endangering the patient, he thinks it his part to oppoſe or hinder, tho 
nature manifeſtly ſeems to endeavour to exerciſe or carry on thoſe hurtful 
motions. 


Hence, I fear, the commendations which | pak gives of nature, in 


the cure. of diſeaſes, make many phyſicians leſs courageous and careful 


than they ſhould be, to employ their own skill, on ſeveral occaſions 


that greatly require it. 


As, in ſome caſes, the phyſician relieves his patient in a negative way, 
by oppoſing nature in her unſeaſonable, or diſorderly attempts; ſo, in 


others, he may do it in a poſitive one ; by employing medicines that either 
ſtrengthen the E or make ſenſible evacuations of matter, neceſſary to 
y 


be proſcribed 


an inward diſeaſe, than nature herſelf ſeems able to do: for, if any ſuch 
medicine may be prepared by art, as Helmont affirms to be attainable from 


Paracelſus's Ludus, by the alkaheſt ; or, as Cardan relates, that an empiric. 
had in his time, who travell'd up and down Hay: curing ſuch where-ever : 


the bladder; the. phyſi- 


he came, as were tormented with the ſtone o 


cian might, by ſuch inſtruments, perform that which, for ought appears, 
is not to be done by nature herſelf ; ſince we never find, that ſhe diſſolves. 
a confirm'd ſtone in the bladder. Nay, ſometimes, the phyſician does, even 
without the help of a medicine, control and over-rule this nature, to the 


great and ſudden advantage of the patient, as in the caſe of ſwooning. 


It appears from the whole, that as there are fome phenomena, which 
ſeem to favour the doctrine of the naturiſts, about the cure of diſeaſes; ſo 


there are others, that more manifeſtly agree with our hypotheſis. And ro | 


them; or, by uſing remedies, that by their manifeſt qua- 
lities oppoſe thoſe of the morbific cauſe. And, perhaps, in ſome caſes, 
the phyſician may, in a poſitive way, contribute more to the cure even of 
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theſe ſorts of phenomena, being conſider'd together, may well ſuggeſt a 
uſpicion, that the moſt wiſe and free author of things, having framed the 
firſt individuals of mankind, ſo as to be fit to laſt for many years, and en- 
dow'd thoſe originals with the power of propagating their ſpecies ; it 
thence eomes to paſs, that in the ſubſequent engines we call human bodies, 
when neither particular providence, nor the rational ſoul, nor over-ruling 
impediments interpoſe, things are generally perform'd according to mecha- 
nical laws and courſes ; whether the effects and events of theſe prove con- 
ducive to the welfare of the engine itſelf, or elſe cheriſh and foment extra- 
neous bodies or cauſes, whoſe preſeryation and increaſe are hurtful to it. 
Hence the happy things, referr'd to nature's prudent care for the recovery 
and welfare of ſick perſons, are uſually genuine conſequences of the mecha- 
niſm of the world, and the patient's bod) ; which effects luckily happen to 
be co-incident with his recovery, rather than to have been purpoſely and 
wiſely produced in order to it ; fince what is called nature, ſeems careful 
to produce, preſerve, and cheriſh things hurtful to the body, as well as 
thoſe beneficial to it. 

Thus, not only worms, but frogs and toads, taken in their ſpawn, with 


corrupted water, have been cheriſh'd in the ſtomach, till the eggs being 


grown compleat animals, have produced horrid ſymptoms in the body. 
And if, according to the receiv'd opinions of phyſicians, ſtubborn quartans 
are produced by a melancholy humour ſeated in the ſpleen; it uy be 
ſaid, that nature ſeems to buſy herſelf to convert ſome parts of the fluid 
chyle into ſo tenacious a juice, that, in many patients, notwithſtanding 
the neighbourhood of the ſpleen and ſtomach, neither ſtrong emetics, pur- 
ges, nor other uſual remedies, are able, in a long time, to diſlodge, reſolve, 
or correct it. | 
But the poiſon of a mad-dog, nature ſometimes ſeems induſtriouſly 
to preſerve ; for we have inſtances of a little foam convey'd into the 
blood by a ſlight hurt, which, notwithſtanding the conftant heat and per- 
2 make of the human body, and the diſſipable texture of the foam, 
o preſerved, and ſometimes, too, for many years, that, at the end of that 
time, it has broke out, and diſplay d its fatal efficacy with as much vigour 
and fury, as if it had but newly been receiv'd into the body. 

Thus, tho the quantity of poiſon, in the bite of the Tarantula, is 
ſcarce viſible, being communicated by the tooth of ſo ſmall an animal 
as a ſpider ; yet, in many patients, tis preſery'd during a great part of 
their lives, and manifeſts its continuance in the body by annual paroxyſms. 
And, a perſon of great quality, complain'd to me, that being in the 
Eaſt, the biting or ſtinging of a creature, whoſe offenſive arms were ſo 
{mall, that the eye could very hardly diſcern the hurt; had ſo laſting an 
effect upon him, that, for about twelve years after, he was reminded of 
his miſchance, by a pain he felt in the-hurt place, about the ſame time of 


the year that the miſchief was firſt done him. And, in ſome hereditary diſ- 


eaſes, as the gout, the falling-ſickneſs, &c. nature ſeems to act as if ſhe did, 
with care and skill, tranſmit to the unhappy child ſuch morbific ſeeds, 
| | impreſ- 
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impreſſions of the parents, that, in ſpite of all the various alterations the Pre 
younger body paſſes thro”, during the courſe of many years, this proteted LSWNY 


enemy is able to exert its power and malice, after forty or fifty years 
concealment. 

In the ſame manner, but with light variations, other axioms about na- 
ture might be eaſily explain'd. 

But tho' we could not intelligibly explain all the particular axioms about 
her, and the phenomena of inanimate bodies, that are thought to favour 
them, by mechanical principles ; it would not follow, that we muſt there- 
fore yield up the whole cauſe to the naturiſts. For we have already 
ſhewn, that the ſuppoſition of ſuch a Being as they call nature, is far from 
enabling her patrons to give intelligible accounts of theſe and other pheno- 
mena of the univerſe. And tho' our doctrine ſhould be inſufficient to give 
a good account of things corporeal ; yet a leſs degree of probability may 
ſerve in arguments employ'd but to juſtify a doubt, than is requir'd in 
thoſe that are to demonſtrate an aſſertion. 

Tis true, the naturiſts tell us, that the nature they aſſert is the princi- 
ple of all motions and operations in bodies; which infers, that in explain- 
ing them, we muſt have recourſe to her. 

ut before we acquieſce in, or confidently employ this principle, it were 
— fit we knew what it is: I, therefore, demand of thoſe who aſſert 
ſuch a nature as is vulgarly deſcribed, whether it be a ſubſtance, or an 
accident? If it be the latter, it ſhould be declar'd, what kind of acci- 
dent it is; how a ſolitary accident can have right to all thoſe attributes, 
and produce thoſe numerous and wonderful effects, that they aſcribe to 
nature: and why a complex of ſuch accidents, as are the mechanical affe- 
ctions of matter, may not altogether as probably as that accident they 
call nature, be conceiv'd to have been inſtituted by the perfectly wiſe au- 
thor of the univerſe, to produce thoſe changes among bodies, which are 
intelligibly referable to — And if things be not brought to paſs by 
their intervention, twere very fit we ſhould be inform'd, by what other 
particular and intelligible means nature can effect them better. 

But if it be ſaid, as by moſt it is, that the principle call'd nature, is a 
ſubſtance ; I demand, whether it be corporeal or immaterial 2 If it be 
immaterial, I further ask, whether it be created, or not? If not, we 
have God under another name, and our diſpute is at an end, by the re- 
moral of its ſubject ; which is ſaid by the ſchools, to be God's vicegerent, 
not God himſelf. But if nature be affirm'd (as ſhe is by all chriſtian 
philoſophers) to be a created Being; I then demand, whether ſhe be en- 
dow'd with underſtanding, ſo as to know what ſhe does; for what ends, 
and by what laws ſhe ought to act? If the anſwer be negative, the ſup- 
poſition of nature will be of very little uſe to afford an intelligible account 
of things. And if it ſhould be ſaid, that nature is endowed with under- 
ſtanding, and performs ſuch functions as many of the ancients aſcribe to 
the ſoul of the world ; this hypotheſis is near of kin'to heatheniſm; and I 
do not think, that they who ſuppoſe a kind of foul of the univerſe, will 
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Pnursics. find this principle ſufficient ro explain the phenomena of it. For tho? nature 
be admitted to have reaſon, yet a multitude of phenomena may be me- 


chanically produced, without her immediate intervention ; as, we ſee, that 
in man, tho the rational ſoul has ſo narrow a province to take care of, as 
the human body, and is ſuppoſed to be intimately united to all the ons of 
it; yet abundance of things are done in the body, by the mechaniſm of it, 
without being produced by the ſoul. In fleep, the circulation of the 
blood, the regular pulſation of the heart, digeſtion, nutrition, reſpira- 
tion, c. are perform'd without the immediate agency, or ſo much as 
the actual knowledge of the mind. And, when a man is awake, many 
things are done in * body, not only without the direction, but againſt 
the i of his mind; as often happens in cramps, and other convulſions, 
coughing, yawning, &c. Nay, tho' ſome brutes, as, particularly, apes, 
have the ſtructure of many parts of their bodies very like that of the cor- 
reſpondent ones in men; yet that admirable work of the formation and 
organization of the fœtus in them, is granted, by philoſophers, to be 
made by the ſoul of the brute, which is neither an incorporeal, nor a ra- 
tional ſubſtance. And even the human fœtus, if we admit the general 
opinion of philoſophers, phyſicians, divines, and lawyers, is form'd with- 
out the intervention of the rational ſoul, that is not infuſed, till this hath 
obtain'd an organization, fitting to receive ſuch a gueſt ; which it is 
god to do, about the end of the ſixth week, or before that of the 
enth. 

If it be urged, that nature, being the principle of motion in bodies ; 
their various motions, which amount to a conſiderable part of their phe- 
nomena, muſt be explained, by having recourſe to her: I anſwer, tis 
very difficult to conceive how a created, immaterial ſubſtance, can, by a 
phyſical power, move a body; the agent having no impenetrable part, 
wherewith to impel the corporeal Mobile. God, indeed, who is an im- 
material ſpirit, ought to be acknowledg'd the primary cauſe of motion in 
matter; becauſe motion neceſſarily belongs not to corporeal ſubſtances, 
But, then, there is that infinite dance between the incomprehenſible 
creator, and the leaſt imperfect order of his creatures, that we ought to 
be very cautious how we make parallels between them ; and draw infe- 
rences from his power, and manner of acting, to theirs : ſince he, for 
inſtance, can immediately act upon human ſouls, as having created them; 
whilſt they are not able ſo to act upon one another. And it ſeems the 
more difficult to conceive, that, if nature be an incorporeal ſubſtance, ſhe 
ſhould be the great mover of the mundane matter; becauſe we ſee, 
that, in a human body, the rational ſoul, tho' vitally united to it, can 
only determine the motion of ſome of the parts ; not give motion to any, 
or ſo much as regulate it in moſt, And, if nature be fie to move bodies, 
in another than a phyſical way; I doubt, whether the ſuppoſition of ſuch 
a —— will be of much uſe to philoſophers, in explaining phenomena. 
I ſhould ſcarce think him a judicious phyſician, who imagines, that he 
gives an intelligible and particular account of the ſurprizing — N 
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thoſe ſtrange diſeaſes, that many impute to witchcraft, when he ſays, that Puysics. 
their phenomena are produced by a wicked immaterial ſpirit, call'd a 


devil. 


But, tis thought, that the greater number of philoſophers, at leaſt 
among the moderns, take nature to be corporeal: I, therefore, demand 
whether theſe philoſophers believe nature, tho* corporeal, to act know- 
ingly, that is, with conſciouſneſs of what ſhe does, and for deſigned ends; 
or elſe to be blindly and neceſſarily moved and directed by a ſuperior 
agent, endow d with an excellent underſtanding ? 

The Carteſians would ask, how, if nature be a corporeal ſubſtance, we 
can conceive her capable of thinking ; and of being a moſt wiſe and pro- 
vident director of all the motions that are made in the corporeal world? 

And a philoſopher may juſtly demand, how a corporeal Being can fo 
pervade the univerſe, as to be intimately preſent with all its minute parts, 


whereof tis ſaid to be the principle of motion? 


We may, alſo, demand, whence nature, being a material ſubſtance, 
comes itſelf to have motion ; ſince motion does not belong to matter, in 
itſelf? For a body is as truly a body when it reſts, as when it moves. 
If it be anſwer'd, that God, at firſt, put it into motion; I reply, that the 
ſame cauſe may as probably be ſuppoſed to have put the unqueſtion'd 
mundane matter into motion ; without the intervention of another corporeal 
Being, in the conception whereof as matter, motion is not involv'd. 

It may, likewiſe, be ask'd, how the laws of motion come to be obſerv'd, 
or maintain'd, by a corporeal Being, which, as merely ſuch, is either 
uncapable of underſtanding them, or of acting with reſpect to them; or, 
at leaſt, is not neceſſarily endow'd with any knowledge of them, or power 
to conform to them, and to make all the parts of the unqueſtion'd mundane 
matter do ſo too ? 

And I ſee not, how the taking in ſuch an unintelligible, and undeſign- 
ing principle, will free our underſtandings from great difficulties, when 
we come to explain the phenomena of bodies. For, if nature be a bodily 
creature, and acts neceſlarily ; I ſee no cauſe to look upon it as other than 
a kind of engine : and the difficulty may be as great, to conceive how all 
the ſeveral parts of this ſuppos'd engine, call'd nature, are, themſelves, 
framed, — moved, by the great author of things, and how they act 
upon one another, as well as upon the undoubted mundane bodies; as tis 
to conceive, how, in the world itſelf, which is, manifeſtly, an admirably 
contriv'd automaton, the phenomena may, by the ſame author, be pro- 
duced, in conſequence of the primitive conſtruction, and motions, that he 


Fare it; without the concurrence of ſuch a thing, as they call nature. 


or this, as well as the world, being a corporeal creature; we cannot 
conceive, that either of them act otherwiſe than mechanically. And it 
ſeems very ſuitable to the divine wiſdom, to employ in the world, already 
framed and completed, the feweſt, and moſt ſimple means, by which the 
28 deſign'd to be exhibited, could be produced. Nor need we 
much moy'd, to hear ſome naturiſts ſay, that nature, tho' not an in- 

| U 2 corporeal 
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PaysICs. corporeal Being, is of an order ſuperior to mere matter. For, who can 
\YVYN/ clearly conceive an order, or kind of Beings, that ſhall be real ſubſtances, 

and yet neither corporeal, nor immaterial? Nor do I ſee, how the ſup- 
poſition of this unintelligible, at leaft unintelligent Being, tho' we ſhould 
grant it to have a kind of life, or ſoul, will much aſſiſt us to ſolve phenomena, 

To draw, at length, towards a concluſion; what we have here deliver'd 
upon this ſubject, may, perhaps, do ſome ſervice both to natural phi- 
loſophy, and to religion. 


12 e have attempted to diſſuade philoſophers from often employing, and 
— without great need, a term, which, by reaſon of its great ambiguity, and 


the little care taken by ſuch as uſe it, to diſtinguiſh its different acceptions, 
occaſions both a great deal of darkneſs, and confuſion, in what men ſay 
and write about things corporeal; and a multitude of controverſies, where- 
in really they wrangle about words. And this diſcourſe may, poſſibly, 
wean many 3 the fond conceit they cheriſn, that they underſtand, or 
explain a corporeal ſubject, or a phenomenon, when they aſcribe it to 
nature. For, to do that, one need not be a philoſopher; ſince a peaſant 
1 eaſily do the ſame. 

man has never well perform'd the part of a true philoſopher, till he 
circumftantially, or particularly, deduces the phenomenon he conſiders, 
by intelligible ways, from intelligible principles ; which he will be con- 
ſtantly put in mind of doing, or diſcover that he hath not done, if, by 
forbearing general and ambiguous terms, he endeavours to explain things, 
by expreſſions that are clear to all attentive readers. And this perſpicuous 
way of philoſophizing ſhould be greatly recommended, by the valuable diſ- 
coveries which thoſe who employ'd it, have happily made, in hydroſta- 
tics, optics, anatomy, botanics, and many other parts of real learning. 

Our doctrine may, alſo, be ſerviceable to religion in three reſpects. 

And, firſt, it may keep many, who were inclined to have an exceſſive 
veneration for what they call nature, from running into thoſe extravagant 
and ſacrilegious errors, that have been, upon plauſible pretences, embraced, 
not only by many of the old heathen philoſophers, but by ſeveral modern 
profeſſors of chriſtianity. 

Secondly, it may conduce to juſtify ſome remarkable proceedings of 
divine providence, againft thoſe who boldly cenſure it, upon the account 
of ſome things they judge to be phyſical irregularities ; ſuch as monſters, 
earth-quakes, floods, eruptions of vulcano's, famines, &'c. For, accord- 
ing to us, | 

- God is a moſt free agent, and created the world, not out of ne- 
ceſſity, but voluntarily ; having framed it as he pleaſed, and thought fit, 
at the beginning of things; when there was no ſubſtance but himſelf, and, 
conſequently, no creature, to which he could be obliged, or by which he 
could be limited. 

2. God — an underſtanding infinitely ſuperior to that of man, in 
extent, clearneſs, and other excellencies; he may, rationally, be ſuppos'd 
to have framed ſo great and admirable an automaton as the world. _ 
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the ſubordinate engines comprized in it for ſeveral ends and purpoſes; Pursics- 
ſome of them relating chiefly to his corporeal, and others to his rational 
creatures: of which ends, he hath vouchſafed to make ſome diſcoverable 
by our dim reaſon ; whilſt others are, 1 not to be penetrated by 
it, but lie conceal'd in the deep abyſs of his unſearchable wiſdom. 

3. It ſeems probable, that this moſt excellent and glorious Being thought 
fir to order things ſo, that both his works and actions might bear ſome 


marks of his attributes; and, eſpecially, to ſtamp upon his corporeal 
works ſome tokens, or impreſles, of his divine wiſdom, diſcernible by the 


human mind. 

4. Upon this ſuppoſition, it became the divine author of the univerſe 
to give it ſuch a ſtructure, and ſuch powers, and to eftabliſh among its 
parts ſuch general and conſtant laws, as beſt ſuited his purpoſes in 
creating the world ; and to give theſe univerſal laws, and particular parts, 
or bodies, ſuch ſubordinations to one another, and ſuch references to the 
original fabric of the grand ſyſtem of the world, that, on all particular 
occaſions, the welfare of inferior, or private portions of it, ſhould be 
only ſo far provided for, as their welfare is conſiſtent with the general 
laws by him ſettled in the univerſe ; and with ſuch of thoſe ends, that he 

ropos'd to himſelf in framing it, as are more conſiderable than the wel-- 
— of thoſe particular creatures. 

5. The laſt ſervice that, I hope, our doctrine may do religion, is, 
to induce men to pay their admiration, their praiſes, and their thanks, 
directly to God himſelf; who is the true and only-creator of the ſung 
moon, earth, and thoſe other creatures, that men call the works of na- 
ture. And in this way of expreſſing their veneration of the true God, 
and their gratitude to him, they are warranted by the examples of the 
ancient people of God, the {ſraelites ; and not only by the inſpired perſons 
of the old teſtament, but by the promulgators of the new, and even by 
the celeſtial ſpirits; who, in the Revelation of St. John, are introduced 
praiſing and thanking God himſelf for his works; without taking any 
notice of his pretended vicegerent, nature, | 
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Here propoſe to deliver my thoughts upon theſe four queſtions. 
1. Whether, indefinitely ſpeaking, there be any final cauſes of things 
corporeal, knowable to men? 2. Whether, if that queſtion be re- 
ſolv d in the affirmative, we may conſider final cauſes in all forts of bodies, 
or only in ſuch as are peculiarly qualified? 3. Whether, or in what 
ſenſe, the acting for ends may be aſcribed to an unintelligent and inani- 
mate body? 4. And laſtly, how far, and with what cautions, arguments 
may be framed upon the ſuppoſition of final cauſes ? 
To begin with the firſt queſtion. Thoſe who would exclude final cau- 


Fhether the 
nal cauſes 


xl thing ſes from the conſideration of the naturaliſt, ſeem to do it, either becauſe, 
7 


mat 
are 
men 


o with .Epicurus, they think the world was produc'd by atoms and chance, 
without the intervention of a Deity ; and, conſequently, that tis in vain to 
ſeek for ſuch cauſes: or becauſe, with Des Cartes, they imagine, that God 
being omniſcient, tis raſh and preſumptuous for men to think they know, 
or can diſcoyer what ends he propos'd to himſelf, in his creatures. The 
ſuppoſition on which the Epicureans have rejected final cauſes, has been diſ- 
allow'd by the philoſophers of almoſt all other ſes ; and ſome have writ- 
ten ſufficient confutations of it: I ſhall, however, in the progreſs of ou 
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work, make ſuch occaſional obſervations, as may ſerve to diſcredit ſo un- Physics. 
reaſonable an opinion. But the Cartefian argument having been 10 preva N 


lent among learned and ingenious men, I ſhall beſtow the more pains in the 
conſideration of that. 

One thing, perhaps, that kept ſo great a philoſopher as Des Cartes, from 
allowing the conſideration of final cauſes in phyſics, was, that the ſchool- 
philoſophers, and others, are apt to propoſe it too unwarily ; as if there 
were no creature in the world, that was not ſolely, or chiefly deſign'd for 
the ſervice of man. And, indeed, I have ſeen a body of divinity, pub- 
liſh'd by a famous author, wherein he urges this argument for the an- 
nihilation of the world; © That ſince the world was made for the ſake of 
man, in his travelling capacity; when once man is poſſeſs'd of his ever- 
* laſting ſtate of happineſs, or miſery, there will be no further uſe of the 
* world. ” The opinion that gives riſe to ſuch preſumptuous and unwar- 
rantable expreſſions, was, as I conjecture from his objeltion, very ſhocking 
to Des Cartes; but the indiſcretion of men ought not to prejudice truth, 
which is not to be thrown away with the groundleſs conceits that ſome 
people have pinn'd upon it. 

Since then, I cannot cloſe in either with the doctrine of the Epicureans, 
or Cartefians, I ſhall leave each party to maintain its reſpective opinion, and 
„ —— declare my own : but, to clear the way, tis neceſſary to premiſe 
a diſtinction. 


In ſpeaking of the ends which the author of nature is ſaid to have in Final confer, 


things corporeal, any of theſe four particulars may be ſignified. 

Firſt, Some grand and general ob - of the univerſe; ſuch as exerciſi 
and diſplaying the creator's wiſdom; the communication of his das 
and the admiration and thanks due to him from his intelligent creatures, 
Oc. And theſe ends, becauſe they regard the whole creation, I call the 
univerſal ends of God, or nature. 

Secondly, In a more reſtrain'd ſenſe, the ends deſign'd in the number, 
fabric, ſituation, and motion of great maſſes of matter, that make large parts 
of the world; ſince tis very probable, that theſe bodies, ſuch as the ſun, 
moon, fix'd ſtars, and the terraqueous globe, were ſo framed, and placed, as 
not only to perſevere in their own preſent ſtate, but alſo to conduce to the 
— 7 ends of the creation, and the good of the whole, whereof they are 
conſiderable parts. Upon which accounts, theſe ends may be call'd coſ- 
mical, or ſyſtematical; as they regard the ſymmetry of the great ſyſtem of 
the world. 

Thirdly, ends that more peculiarly concern the parts of animals, and, 
perhaps, plants too ; or thoſe to which the particular parts of animals 
are deſtined for the welfare of the whole creature, conſider'd as an en- 
tire and diſtinct ſyſtem of organiz'd parts, deſign'd to preſerve himſelf, 
and propagate his ſpecies, upon that ſtage to which his ſtructure, and 
circumſtances determine him to act his part. And theſe ends, to di- 
ſtinguiſh them from others, may be call'd animal ends. 


Laſtly, 
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Laſtly, The ſame expreſſion may ſignify another ſort of ends, which, be- 
LYN caule they relate particularly to man, may be called human ends; and are 


thoſe aimed at by nature, where ſhe is {aid to frame animals, vegetables, 
Tc. for the uſe of man. And theſe ends may farther be diſtinguiſh'd into 
mental and. corporeal ; not only as man is an animal framed, like others,for 
his own rene and the propagation of his ſpecies; but alſo, as he is 
made to have dominion over other animals, and works of nature, and fitted 
to make them ſubſervient to his purpoſes. This diſtinction being thus ſet- 
tled, I declare my diſſent, as well from the vulgar notion of final cauſes, 
which allows of none but thoſe we have call'd human ones; as from theirs 
who wholly reject them all. 

'Tis an acknowledg'd principle of the Cartefian philoſophy, that there 
is always the ſame quantity of motion in the world“; becauſe, ſay they, 
there 1s no reaſon why God, who is immutable, ſhould, at the beginning 
of things, have given ſuch a quantity of motion to matter, as ſhould need to 
be afterwards augmented, or leſſen d. But do not thoſe who employ 
this negative argument, take upon them to judge of the ends that God 


may have propos d to himſelf in natural things? For, without ſuppoſing 


that they know what God deſign'd in ſetting matter in motion, tis hard 
for them to ſhew, that his deſign could not be beſt accompliſh'd by ſome- 
times adding to, and ſometimes taking from the quantity of motion, he 
originally 
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Sir I. Newton makes it evident, that there 
is not always the ſame quantity of mo- 
tion in the world. The vis inertiæ, ſays 


i that great philoſopher, is a paſſive prin- 


« ciple, by which bodies perſiſt in their 
« motion, or reſt; receive motion in pro- 
portion to the force impreſſing it, and 
reſiſt as much as they are reſiſted. By this 
rinciple, alone, there could never have 
en any motion in the world. Some 
other principle was neceſſary for put- 
ting bodies into motion ; and now the 
are in motion, ſome other principle is 
neceſſary for conſerving the motion. 
For, 'from the various compoſition of 
two motions, tis very certain, there is 
not always the ſame quantity of mo- 
tion in the world. For, if two globes 
join d by a flender rod, revolve about 
* their common centre of gravity, with 
* an uniform motion, while that centre 
moves on uniformly, in a right line, 
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<* drawn in the plain of their circular 


motion ; the ſum of the motions of 
the two globes, as often as the globes 
are in a right line, deſcribed by their 

common centre of gravity, will be big- 


'« when they are in a line dicular 
* to that right line, By os lanes it 
„ appears, that motion may be got or 
* Joſt. But by reaſon of the tenacity of 
« flaids, and attrition of their parts, 
s and the weakneſs of elaſticity in ſolids, 
“ motion is much more apt to be loft, 
© than got; and is always upon the de- 
© cay. For, bodies which are either ab- 
4 ſolutely hard, or ſo ſoft as to be void 
« of claſticity, will not . rebound from 


one another. Impenetrability makes 


© them only ſtop. If two equal bodies 
© meet directly in vacuo, they will, by 
tc the laws of motion, ſtop where they 
« meet, and loſe all their motion, and 
t remain at reſt ; unleſs they be elaſtic, 
% and receive new motion from their 
« ſpring. If they have ſo much elaſticir 

% as ſuffices to make them rebound wit 

« x, or 2, or 3 of the force with which 
© they come together, they will loſe 5, 
« or 2, or 3 of their motion. And this 
„ may be tried, by letting two equal 
« pendulums fall againſt one another from 
« equal heights. "If the pendulums be of 


ger than the ſum of their motions, » 


« lead, or ſoft clay, they will loſe all, 
©« or almoſt all their motions ; if of = 
ic 
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originally communicated to matter. And, I think, it may be worth conſi- Physics 
dering, whether by this doctrine of theirs, the Cartefians do not more take: 
upon them, than other philoſophers, to judge of God's defigns. For, if a 
man be known for very wiſe, and to have various ways of compaſſing his 
ſeveral ends; he who, ſeeing ſome of thoſe ways have a direct tende 
to a rational end, ſhall conclude that end to be one of the number intended, 
thereby expreſſes more reſpect to that man, than he who ſhould conclude, 
his end cannot be ſuch; and that he has no other deſign knowable, ex- 
cept a certain general one. And, indeed, it ſeems more eaſy to know, 
that a particular end, for which an engine is proper, may, among others, 
be intended by the artificer, tho never ſo skilful; than to know negatively, 
that he can have no other than ſuch a certain end. 

And how will a Carteſian be ſure, that among the many ends he grants 
God may have propoſed to himſelf, in the production of his mundane crea- 
tures, one is not, that we, whom he has made intelligent Beings, and capable 
of admiring and praiſing him, ſhould find juſt cauſe to do fo, for the wiſ- 
dom and goodneſs he has diſplay'd in the world > Which attributes we 
could not well diſcern, and celebrate, unleſs we knew that the crea- 
tures were made for ſuch uſes, and that they are exceedingly well fitted to 
them. God's immutability is, indeed, alledg'd to prove, that the quantity 


* tic bodies, they will loſe all but what | © motion, the motion would conſtantly 
they recover from their elaſticity. If J“ decay. Seeing, therefore, the va- 
it be ſaid, that they can loſe no motion | © riety of motion which we find in the 
* but what they communicate to other | © world, is always decreaſing, there is 
bodies, the conſequence is, that in | a neceſſity of conſerving and recruit- 
„ vacuo they can loſe no motion; but, | © ing it by active prineiples; ſuch as are 
* when they meet, muſt go on, and pene- | © the cauſe of gravity, by which planets 
** trate one another's dimenſions. If three | © and comets keep their motions in their 
equal round veſſels be fill'd, the one | © orbs, and bodies acquire great motion 

with water, the other with oil, and | © in falling; and the cauſe of fermenta- 
the third with melted pitch ; and the | © tion, by which the heart and blood of 
* liquors be ſtirred about alike, to give | ** animals are kept in perpetual motion, 
them a yortical motion; the pitch, by | © and heat; the inward parts of the earth 
its tenacity, will loſe its motion quick- | © are conſtantly warm'd, and, in ſome 
* ly; the oil, being leſs tenacious, will | © places, grow very hot; bodies burn and 
keep it longer; and the water, being | © ſhine; mountains take fire; the ca- 
* leſs tenacious, will keep it longeſt ; but | © verns of the earth are blown up; and 
yet will loſe it in a ſhort time. Whence the ſun continues violently hot, and 
wit is eaſy to underſtand, that if many | © lucid, and warms all things by his light. 
** contiguous vortices of melted pitch, | * For, we meet with very little motion 
** were each of them as large, as ſome | © in the world, beſides what is owing to 
"* ſuppoſe to revolve about the ſun and | © theſe active principles. And, if it were 
* fix'd ſtars; yet theſe, and all their | * not for theſe principles, the bodies of 
parts, would, by their tenacity and ftiff- | the earth, planets, comets, ſun, and 

neſs, communicate their motion to one | all things in them, would grow cold, 
** another, till they all reſted among | and freeze, and boce inaQtive maſſes; 
* themſelves. Vortices of oil, or water, | © and all putrefaQtion, generation, v 
** or ſome fluider matter, might coriti- | © tation, and life, would ceaſe; and the 
* nue longer in motion; but, unleſsthat | © planets and comets would not remain 
matter were void of all tenacity,and at- | « in their orb. Newton, Optic. p. 372, 
© trition uf parts, and communication © —37 5, 
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of motion never varies ; but to me tis not evident why God's having par- 
ticular ends, tho ſome of them ſeem to require a change in his way of 
acting in natural things, muſt be more inconſiſtent with is immutability, 
than his cauſing many 5 decreed from eternity, to be brought to 
paſs in Sar. time. And, particularly, it ſeems not clear, why God 
may not as well be immutable, tho he ſhould ſometimes vary the quan- 
tity of motion in the world; as he is, tho, according to the opinion of 
moſt Cartefians, he daily creates multitudes of actuating rational ſouls, to 
unite them to lifeleſs human bodies. I ſay not this, as if I abſolutely 
rejected the Carteſian doctrine about the continuance of the ſame quantity 
of motion in the whole maſs of matter. For whether that be true or nor, 
tis no unuſeful, or improbable hypotheſis ; and I have not ſo much argued 
againſt that, as, upon the ſame grounds they argue for it. 
To come then to the thing itſelf; M. Des Cartes objects, that *tis a 
reſumption in man to pretend he is able to diſcover the ends that the 
8 propoſed. to himſelf in the making of his creatures. Now I 
conſider, by way of ' anſwer, that there are two very different ways, 
wherein a man may pretend to know the ends of God in his viſible works; 
for he may either pretend to know only ſome of God's ends in ſome of his 
works, or he may pretend to know all his ends. He who preſumes to 
diſcover God's ends, in this latter waſh will ſcarce be excuſed from a 
high preſumption, and no leſs a degree of folly. But to pretend to know 
God's ends, in the former ſenſe, is no — and, to take notice 
of them, rather a duty. For there are fome things in nature, ſo curiouſly 
contrived, and ſo exquiſitely fitted for certain operations and uſes, that it 
ſeems little leſs than blindneſs in him who acknowledges a moſt wiſe au- 
thor of things, not to conclude, that, tho* they may, perhaps, have been 
deſign'd for other uſes, yet they were alſo deſign d for theſe. Thus he who. 
ders the admirable fabric of the coats, humours, and muſcles of the 


eye, and how excellently all the parts are adapted to compoſe an organ of 


viſion, can ſcarce help confeſſing, that the author of nature intended it 
ſhould ſerve the animal, to which it belongs, to ſee with. The Epicurean, 
indeed, who believe the world to have been produced merely by a caſual 
concourſe of atoms, may have a kind of excuſe, which other philoſophers, 
who acknowledge a deity, want. Thus, the very ſuppoſition, for in- 
ſtance, that a man's eyes were made by chance, argues, that they need 
have no relation to a deſigning agent; and the uſe that a man makes of 
them, may be either caſual too, or at leaſt an effect of his knowledge, not 
of nature s. But when, upon the anatomical diſſe&ion, and the optical 
conſideration of this part, we find it to be as exquiſitely fitted for an organ 
of ſight, as the beſt artificer could have framed a little engine, . 


deſign d for the vizzof feeing ; it founds very harſh to ſay, that an artifi- 


cer, Who is too intelligent to do things by chance, or to make a curious 
piece of work, without knowing to what purpoſe, ſhould not deſign it for 
an uſe to which tis wholly adapted. 15 | 2 


Tis 


Final Cauſes of Natural Things. 


155 


*Tis poſſible, indeed, he may have deſign'd more uſes of it than one; and, Physics. 
aps, ſuch as we cannot find out: however, among its ſeveral uſes, this, LSWWWY 


to which we ſee it ſo admirably adapted, ſhould be thought one. And I ſee 
not how it magnifies God's wiſdom, or expreſſes our veneration of it, to 
exclude from the number of his ends. in framing human eyes, that moſt 
obvious and ready uſe, which, we are ſure, is wade af them; and which 
they could not be better fitted for. Thus, 10 a countryman, be-nght 
into the garden of a mathematician, ſhould there ſee one of thoſe curious 

omonic inſtruments, that ſhew, at once, the place of the ſun in the zodiac, 
his declination from the equator, the day of the month, the length of the 
day, Cc. it would, indeed, be preſumption in him, whilſt una@quainted 
both with mathematics, and the ſeveral intentions of the artiſt, to pre- 
tend himſelf able to diſcover all the ends for which ſo curious and ela- 
borate a piece was framed : but, when he ſees it furniſh'd with a ſtile, 
with horary lines, with numbers, and, in ſhort, with all the requiſites of 
a ſun-dial ; and manifeſtly perceives the ſhadow to mark, from time to 
time, the hour of the day ; *twould be no preſumption in him to conclude, 
it a ſun-dial ; whatever other uſes it was eßgn d for. 

And I demand of thoſe, who will not allow that any natural things 
are directed to ends knowable by men, whether, if the divine author of 
them had really deſign'd them for ſuch ends, the things themſelves are not 
ſo framed and directed, as in that caſe they ought to be? And whether 
the fabric and management of natural things do really countenance, or 
contradi& our ſuppoſition ? | 

For my part, I confeſs, I think it no 1 to the wiſdom of 
any agent whatſoever, to ſuppoſe his productions defign'd for ſuch ends, 
among others, as they are excellently fitted for ; unleſs it appear'd that ſuch 
ends were unworthy the wiſe agent. But that cannot be juſtly ſaid in our 
caſe ; ſince *tis not injurious to the divine author of things, to believe 
that ſome of the ends, to which he deftined ſeveral of his corporeal 
works, were to exert and communicate his 1 and to receive from 
his intelligent creatures an ardent love, a high admiration, and an obſe- 
quious gratitude for having diſplay'd ſo much wiſdom and beneficence in 


them. | 
And, indeed, I can by no means aſſent to the aſſertion of Des Cartes, 


that none of God's ends in his corporeal works are more manifeſt than 


others, but that all of them lie equally hid in the abyſs of the divine wiſ- 
dom ; for there are many of his creatures, ſome of whoſe uſes are ſo 
manifeſt and obvious, that the generality of mankind have in all ages, and 
almoſt in all countries, acknowledg'd them. And as to what he adds, 
that, in phyſics, all things ought to be made out by certain and ſolid rea- 
ſons}; I anſwer, firſt, that I ſee not how God's deſigning ſome of his 
works for particular uſes, amongſt others, is inconſiftent with the phyſical 
accounts of their creation. Thus, a man may give a mechanical reaſon 
of the ſtructure of every wheel, and other = of a watch, and of their 
* 


way of acting upon one another, 3 ſet together; and, in __ 


| 
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of the contrivance and phenomena of the little machine; tho he ſuppoſes 
that the artificer deſign'd it to ſhew the hours of the day, and tho” he has 
that uſe in view, whilſt he explains the fabric and operations of the watch. 
Secondly, I pay admit, that, in phyſics, we ſhould ground all we de- 


liver upon as folid reaſons as poſſible ; but there is no neceſſity that thoſe 


reaſons ſhould be always preciſely phyſical, eſpecially when we are treatin 
not of any p-*<icular phenomenon, produced according to the courſe of 


nature eſtabliſhed in our ſyſtem ; but of the firſt and general cauſes of the 
world itſelf : from which cauſes, I ſee not why the final uſes that appear 
manifeſtly to have been deſign d, ſhould be excluded. And to me *tis not 
very material, whether in phyſics, or any other ſcience, a thing be prov'd by 
the peculiar principles of that feience; provided it be firmly prov'd by the 
common grounds of reafon. And here let me obſerve, that the fundamen- 
tal tenets of Des Cartes's own philoſophy, are not prov'd by arguments 
ſtrictly phyſical ; but either by metaphyſical ones, the more general dictates 
of reaſon, or the particular teſtimonies of experience. 'Thus, when, for 
inſtance, he truly afcribes to God all the motion that is found in matter, 
and yaa, all the phenomena that occur in the world ; he proves it 
not by a preciſe phyſical argument, that God, who is an immaterial 
agent, is the efficient cauſe of motion in matter; but only hence, that 
ſince motion does not belong to the eſſence and nature of matter, matter 
muſt owe its motion to fome other Being: and then *tis moſt agreeable to 


common reaſon to infer, that ſince matter cannot move itſelf, but muſt 


be mov'd by fome other Being, that Being is immaterial; ſince, otherwiſe, 
ſome matter muſt, contrary to the hypotheſis, be able to move itſelf. 
And when Des Cartes attempts to demonſtrate, that there is always the 
ſame quantity of motion in the univerſe; and, conſequently, that as much 
motion as one body communicates to another, it loſes itſelf ; he proves it 
by the immutability of God, which is not a ſtrict phyſical argument, bur 
rather a metaphyſical one; as he had before prov d, that God was the 
cauſe of all motion in matter, not by principles peculiar to phyſics, bur 
by the 2 | tinge own 4 n 2 
But tho Des Cartes ſpeaks very dogmatically and univerſally agai 
mens pretending to know any final cauſe in natural things; * Chae 
met with a paſlage in his writings, where he ſeems to ſpeak more cau- 
tioully, and oppoſes their opinion, who teach, that God had no other end 
in making the world, than that of being praiſed by men. His words are 
theſe. © Tis ſelf-evident, that we cannot know the ends. of God, unleſs 
** he reveals them to ns; and-fuppoſing it morally true, that all things 
« were made to the end that we ſhould praife God for them; in which ſenſe 
it may be ſaid, that the fun was — 9 to give us light; yet it would be 
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or three other things, wherein I cannot acquieſce. As, firſt, that tis ſelf- Paysics. | 
evident, we cannot know the ends of God, unleſs he himſelf reveals them 


to us. For what he here ſays to be ſelf-evident, is not ſo to the generality 
of mankind, or even of philoſophers; and, therefore, I think it ought not 
to be barely aſſerted, but prov'd. In the next place, he does not ſhew how 
we are obliged to praiſe God for his works, if God had no intentions 
that we ſhould do ſo, or that we ſhould diſcover none of the ends for 
which he delign'd them. If a judicious man ſhould ſee a book written in 
ſome language which he is an utter ſtranger to, and ſhould know nothing 
farther of it than that twas compoſed by a very intelligent phyſician ; he 
might, indeed, conclude, that it was not written by chance ; but could nor, 
by inſpeCting the book itſelf, be convinced, that it was form'd with great 
Skill and kindneſs, and deſerv'd his praiſe and thanks; ſince he was un- 
able to know any of the particular 1 to which the ſeveral chapters of 
it were — 2 and, conſequently, could not ſee how well they were 
fitted to anſwer ſuch ends. What Des Cartes ſays, that᷑ it is childiſh and 
abſurd to think God had created the ſun, which is vaſtly bigger than 
the earth, only to afford light to a ſmall number of men, is ſomewhat in- 
vidiouſly propos'd ; for there are few eminent writers who confine the 
utility of the Jun directly to its affording light to man: and the ſmall bulk 
of mankind ought not to make it ſeem abſurd, that God may have had 
an eſpecial eye to their welfare in framing that won globe ; ſince that 
moſt excellent machine, the human body, appears to be a more admirable 
thing than the ſun : beſides, the rational 4 — ſoul that reſides in 
it, is incomparably more noble than a thouſand maſſes of brute unor- 
ganized matter can be juſtly reputed. And ſince, in this very diſcourſe, 
our author confeſſes that we may know the ends of God's corporeal works, 
if he reveal them to us; a chriſtian philoſopher may be allow'd to think 
the ſun was made, among other purpoſes, to enlighten the earth, and for 
the uſe of man: ſince the ſcripture teaches, that not only the ſun and 
moon, but the ſtars of the firmament, which Des Cartes, not improbably, 
thinks to be ſo many ſuns, were made to give light to the earth, and were 
divided to all the nations that inhabit it. Perhaps it were not raſh to 
add, that we may know ſome of God's ends in things corporeal, 
without leſſening our veneration of his wiſdom; as we know ſome of 
them in other matters, of which the ſcripture furniſhes us with a multi- 
tude of inſtances ;. as, re; Job's ſacrificing for his friends, and 
the declared uſes of the Urim and Thummim : ſince God may, if he pleaſes, 
declare truths ro men, and inſtruct them by his creatures and actions, 
as well as by his word. And thus he taught Noah by a rain-bow, and 
Jonah by a 2 and a worm; and regulated the encampents of the 
Ifraelites b guidance of a cloud, and a fiery pillar. Laſtly, Des 


Cartes objects, that thoſe he diſſents from, talk as if they look d upon God 
as a proud man, who deſign'd his works only to be praiſed for them; but 
I know not whether he herein ſpeaks ſo cautiouſly and reverently of God, 


as he ought, and elſewhere uſes to do. For as humility, tho a virtue in * 
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Pursics. is extremely remote from being any of God's perfections; ſo that may be 
pride in a man, who is but a creature imperfect, dependant, and having 
nothing of his own, which wou'd be none at all in the creator, who is inca- 
pable of vice, and who may, if he pleaſes, juſtly propoſe to himſelf his 
own glory for one of his ends, and beth require and delight to be prais'd 
by men for his works; ſince he is moſt worthy of all praiſe, which it is 

their duty and reaſonable ſervice to pay him. | 
*Tis not without concern, that I find myſelf obliged thus to oppoſe 
ſome ſentiments of M. Des Cartes, for whom I have, otherwiſe, a great 
eſteem ; for I am not at all of their mind, who think that author a favourer 
of atheiſm, which, to my apprehenſion, would ſubvert the very foundation 
of his own philoſophy. But, judging that his doctrine, as generally under- 
ſtood, as to the rejection of final cauſes from the conſideration of philoſophers, 
tends to weaken one of the beſt, and moſt ſucceſsful arguments for the 
being of a God, whom they ought to admire, praiſe, and reverence ; I think 
it my duty to prefer an important truth before my reſpect to any man, 
how eminent ſoever, who oppoſes it; and to conſider more the glory of 
the great author of nature, than the reputation of any of her inter- 

ers. 

And to confirm what I have hitherto deliver d, tis remarkable that the 
excellent contrivance of the great ſyſtem of the world; and eſpecially the 
curious fabric of animal , with the uſes of their ſeveral Fnſes and 
parts, have been the great motives, which in all ages and nations induced 
- philoſophers to acknowledge a Deity ; and that the nobleſt and moſt intel- 
lectual praiſes have been paid him by the prieſts of nature; as proceding from 
the tranſcendent admiration rais'd in them by the attentive contemplation 
of the fabric of the univerſe, and of the curious ſtructures of living crea- 
tures. And, therefore, it ſeems injurious to God, as well as unwarranta- 
ble in itſelf, to baniſh from natural philoſophy the conſideration of final 
' cauſes ; from which, chiefly, I cannot but ſuppoſe that God muſt reap the 
- honour due to thoſe glorious attributes, his wiſdom and his goodneſs. 
And, I confefs, I ſomewhat wonder, that the Carteſiant, who have gene- 
Tally, and ſome of them with skill, maintain'd the exiſtence of a Deity, 
ſhould endeavour to make men throw away an argument, which the ex- 
perience of all ages ſhews to have been the moſt ſucceſsful, and in ſome 
caſes the only prevalent one, to eſtabliſh, among philoſophers, the belief and 
veneration of God. I know the Cartefians ſay, that their maſter has de- 
monſtrated the exiſtence of a God, by the innate idea men have of a 
Being infinitely perfect, who left it upon the human mind, as the mark of 
an artift impreſs'd upon his work; and that they alſo aſcribe to God the 
creation of matter out of nothing, and its motion; which ſufficiently argue 
the immenſity of his power. But tho I would by no means weaken the 
argument drawn from the innate notion of God, ſince many learned men 
have acquieſced in it ; yet why may we not reaſonably think, that God, 
he has taken care ſhould acknowledge him, may have alſo provided 
for the ſecuring a truth of ſo great conſequence, by ſtamping my" or 
a | | ving 
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leaving impreſſions of his wiſdom and goodneſs, as well externally upon 
the world, as internally upon the mind? The bare contemplation of the 
fabric of the world, without conſidering any part of it as deftin'd to cer- 
tain uſes, may ſtill leave men unconvinced that there is any intelligent, 
wiſe, and provident author and diſpoſer of things; ſince we ſee, the Ariſto- 
telians, notwithſtanding the extent, ſymmetry, and beauty of the world, 
generally believed it to have been eternal. And tho' they did not allow it 
to have been created by God, yet becauſe they aſſerted that animals, 
plants, Oc. act for ends; they were obliged to acknowledge a provident 
and powerful Being, that maintain'd and govern'd the univerſe, which 
they call'd Nature; tho' they often dangerouſly miſtook, by confounding 
this Being with God himſelf; and at other times ſpeaking of it as co- 
ordinate with him; as in that famous axiom of Ariſtotle, © God and nature 
* donothing in vain.” I acknowledge, therefore, that as I ſet a juſt value 
upon the Cartefian proof of God's exiſtence ; ſo I ſee no reaſon why we 
ſhould give up any other ſtrong argument, that proves ſo noble and impor- 
tant a truth; eſpecially ſince the Carteſian way of conſidering the world, 
tho very proper, indeed, to ſhew the greatneſs of God's power, does not, 
like the way I plead for, manifeſt that of his wiſdom and beneficence. For 
while a Cartefian only ſhews, that God is admirably wiſe, upon the ſuppo- 
ſition of his exiſtence ; the ſame thing is manifeſted in our method, by the 
effect of a wiſdom as well as power, that cannot reaſonably be aſcribed to 
any other than a moſt intelligent and potent Being: ſo that by this means 
men may, at once, be brought to acknowledge God, to admire him, and 


to praile him. 
SECTI. IL 


B EFORE I proceed to the ſecond _—_— Whether we may con- e 1 


to animals. 
Of the inanimate bodies of the univerſe, the nobleſt, and thoſe which 


chiefly deferve to be conſider d on this occaſion, are the ſun, planets, c. For 
when men ſaw thoſe vaſt luminous globes, and eſpecially the fun, to move ſo 
conſtantly and regularly about the earth; diffuſing thereon both light and 

heat, and by their various revolutions to produce day and night, ſummer and 
winter, and the vieiſſitudes of ſeaſons ; they concluded, that theſe motions 
were guided by ſome divine Being, and deſign'd for the benefit of man. 
Whether this be a demonſtrative proof, I ſhall not now debate; but furely 
it may carry thus much of probability with it, that in caſe a man fhalt 
think the fabric of the celeftial bodies was the 1 of an intelligent 


and divine agent, the irregular phenomena will not contradict him; = 
thers 
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there is nothing in that fabric unworthy a divine author : and the motions 
and effects of the ſun and ſtars may well allow us to think, that, among 
other purpoſes, they were made to illuminate the terreſtrial globe, and 
bring heat and other benefits to the inhabitants of it. So that the con- 
templation of the heavens, which ſo manifeſtly declare the pt a God, 
may juftly excite men both to admire his power and wiſdom 1n them ; and 
to return him thanks and praiſes for the great advantages we thence re- 
ceive. On the other hand, it may be ſaid, that in bodies inanimate, whe- 
ther the portions of matter they conſiſt of, be greater or leſs ; the contri- 
vance is very rarely ſo exquiſite, but that the various motions and occur- 
fions of their parts may, without much improbability, be ſuſpected capable, 
aſter many eſſays, to caſt one another into ſeveral of thoſe circumvolutions 
call'd by Epicurus ovsegpeds, and by Des Cartes, Vortices; which being once 
made, may continue a long time, after the manner explain'd by the latter. 
But allowing this hypotheſis to be poſſible; when I conſider that we are 
not yet ſufficiently acquainted with the true ſyſtem of the world, nor 
uſually ſenſible how ſmall a part the terreſtrial globe makes of the uni- 
verſe; I am apt to ſuſpect, that men often aſſign the ſyſtematical ends 
and uſes of the celeſtial bodies upon ſlender evidence ; concluding them 
made and moved only for the ſervice of the earth, and its CORE 
And tho” I will not deny, that as we actually receive benefits by the eſta- 
bliſhed order and motion of the heavenly bodies, ſo one of the ſeveral uſes 
intended by the author of nature, may particularly regard our ſpecies ; 
yet perhaps twill not be eaſy to prove, that ſome of thoſe bodies and mo- 
tions are not rather inrendel for other purpoſes, than to caſt their beams, 
or ſhed their influences upon the earth: at leaſt, it ſeems probable to me, 
that the ſituations of the celeſtial bodies do not afford, by far, ſo clear and 
cogent arguments of the wiſdom and deſign of the author of the world *, 
as do the bodies of animals and plants. And for my part, I think I ſee 


more of admirable contrivance in the muſcles of a human body, than in 


what we yet know of the aſtronomical world: and the . of a fly, as 
0 


far as appears to us, ſeems to be a more curious piece of workmanſhi 
than the body of the ſun itſelf. R M1 


As a noble inſtance of wiſdom and „ Mercwry, twonld preſently exhale in 
defign in the fituation of the planets, take | © vapour. For the ſun's light, to which 
an obſervation of the t Sir J. Newton, | his heat is proportionable, is ſeven 
** 'Thoſe planets, ſays be, have the great- | times more denſe in the orbit of Mer- 
« er denſity, ceteris ibus, which are | cury, than with us; and I have found, 
« placed neareſt the ſun. Thus — is | © by the thermometer, that water will 
1 more denſe than Satwrn, and the earth | © boil with a heat ſeven times as great 
more denſe than Fupiter. For it was | © as that of the ſummer's ſun. But the 
« neceſlary to place the planets at diffe- | © matter of Mercury is, doubtleſs, fitted for 
rent diſtances from the ſun, that each | © heat; and therefore muſt be denſer 
might receive a greater or a leſs de- | © than that of our earth: fince all denſe 
a of his heat, according to its den- | matter requires a' greater degree of 
« hay. ** ang were p _ in _ * heat, to perform the operations of na- 

orbit of Saturn, the water of it w * ture,” Newton, Princip. p. 372. 
de frozen up; and if in the orbit of © ha 3 
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As for other inanimate bodies, the matter whereof ſeems unorganiz'd, Paysres. 
tho there be no abſurdity in ſuppoſing that theſe were alſo made for, 


diſtinct and particular purpoſes, if not alſo for human uſes ; yet moſt of 
them are of ſuch eaſy and unelaborate textures, as to make it ſeem poſſi- 
ble, that various occurſions and juſtlings of the parts of the univerſal mat- 
ter might, at one time or other, have produced them : ſince we ſee, that 
in ſome chymical ſublimations and cryſtallizations of mineral and metalline 
ſolutions, and other phenomena, where the motions appear not to be 
particularly guided and directed by an intelligent cauſe, — of as va- 
riofis textures as thoſe are producible. 

If it be ſaid, that ſuppoſing chance, or any thing elſe, without the par- 
ticular guidance of a wiſe and all- diſpoſing cauſe, can make a finely-ſhaped 
ſtone, or a metalline ſubſtance, growing, as ſilver ſometimes does, in the 
form of a plant ; ought we not to allow, that chance may alſo make ve- 
ables and animals? I can by no means grant the conſequence. For 
-1272 are ſome effects ſo eaſy, and readily to be produced, that they do 
nter any knowledge or intention in their cauſes ; whilft there are others 
cage require tuch a number and conjunction of conſpiring cauſes, and 
ſuch a conmued feries of motions or operations, that tis utterly impro- 
pable they thouid be produced, without the ſuperintendency of a rational 
agent, ie and powe3 ful enough to range and diſpoſe the ſeveral inter- 
materials and inſtruments, in a manner neceſſary to produce ſuch 
4 remote ettect: it will not therefore follow, that, if chance covld produce 
igt contexture in a few parts of matter, we may ſafely conclude it 
able to produce ſo exquiſite and admirable a contrivance, as that of the 
body of an animal. What does it argue then, if ſometimes, in ſawing 
pieces of variegated marble, we happen to meet with the delineations or 
pictures of towns, woods, and men? For, beſides that the delightfulneſs 
and rarity of ſuch ſpectacles inclines the imagination to favour them, and 
to ſupply their defects; would any wiſe man conclude from hence, that a 
real town or wood, much leſs numbers of men, ſhould be made by ſuch a 
fortuitous concourſe of matter > What compariſon is there betwixt the 
workmanſhip that ſeems to be expreſs'd in a few irregular lines, drawn 
upon a plane, with perhaps two or three colours luckily placed, and the 

eat multitude of nerves, veins, arteries, ligaments, tendons, membranes 
— glands, Cc. required to compoſe a human body; every one of 
the numerous parts whereof, muſt have its determinate ſize, figure, con- 
ſiſtence, ſituation, connexion, Cc. and many, or all of them together, 
conſpire to exerciſe and perform determinate functions and uſes? And, 
indeed, I never ſaw any inanimate production of nature, or, as they 
ſpeak, of chance, whoſe contrivance was comparable to that of the meaneſt 
limb of the moſt deſpicable animal; nay, there is infinitely more art ex- 
preſs'd in the ſtructure of a dog's foot, than in that of the famous clock 
at Strasburg. N 

And tho' the paw of a dog be far inferior in its ſtructure to the hand of 
a man, yet even this is inconſiderable, if compared to the eye; the ſeveral/ 


Vor. II. * parts June, of animal 
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Payscs. parts whereof, how numerous ſoever, could none of them be ſpared or 
WY) alter'd, unleſs for the worſe; as may appear from thoſe many diſeaſes ob- 
ſery d in that ſmall admirable organ: for each of thoſe diſeaſes conſiſts in 
this, that the humours, or other parts of the oye, are brought to a ſtate 


different from that whereto nature had deſign'd it. Twould be tedious 
to enumerate the ſeveral diſtempers of the eye; wherefore I ſhall only 
mention two or three particulars, wherein one would ſcarce imagine that 
a {mall receſs from the natural ftate could bring any conſiderable or ſen- 
fable inconvenience. That which we call the pupil, is not a ſubſtantial 
part of the eye, but only an aperture of the uvea ; almoſt perpetually 
changing its bigneſs, according to the different d of light the eye 
chances to be expoſed to. And therefore, it ſhould ſeem, that whilſt this 
hole remains open, it performs its office, by giving entrance to the inci- 
dent rays of light. And yet I lately ſaw a woman, who, after a fever, 
was not able to dilate the Pupillæ of her eyes, as before; and tho' they 
were but very little narrower than ordinary, yet ſhe complain'd ſhe had 
thereby almoſt loſt her ſight. The preternatural conſtriction of the pupil 
is indeed no frequent — yet phyſicians have given it a place among 
the ſtated diſeaſes of the eye. And, on the other fide, tho' a competent 
wideneſs of the pupil be requiſite to a clear and diſtinct viſion ; yet if its 
dilatation exceeds the due limits, there is thereby produced a diſtemper 
worſe than the former; becauſe it often almoſt totally deprives the patient 
of fight. It may ſeem alſo but a ſlight circumſtance, that the tranſparent 
coats of the eye ſhould be devoid of colour ; and of as little moment, that 
the cornea ſhould be very ſmooth, provided it remain tranſparent : yet 
when either of theſe circumſtances is wanting, the fight may be greatly vi- 
tiated. Thus we ſee, that in the yellow jaundice, " ventitious 
colour where with the eye is ting d, makes the patient think he ſees many 
objects yellow, which are of a contrary colour. And I know a gentleman, 
who having had a ſmall puſtule excited and broken upon the cornea, tho 
the eye has long been cicatriz'd ; yet a very little inequality or depreſſion, 
that ftill remains upon the ſurface of that tranſparent coat, ſo affects him, 
that when he comes into the open fields, or the ſtreets, he for a pretty 
while thinks he ſees objects very glaring, and as many others as men 
uſually do ftones at the bottom of clear water : which I impute to the want 
of uniformity in the refraction of thoſe reflected rays of light, that fall 
upon the unequal ſurface of the cornea. 'To give a further proof, that 
the eye was made with deſign, I ſhall here take notice of an obſervation 
or two, that do not occur in the diſſection of that part, and are therefore 
often unobſerv'd by anatomiſts. 

I have found in frogs, that, beſides thoſe parts of the eye which they 
have in common with men, dogs, cats, and moſt other animals, there is 
a peculiar membrane or cartilage, which is not commonly perceiv'd ; 
wherewith they can at pleaſure cover the eye, without too much 
hindering the ſight, becauſe the membrane is both tranſparent and ſtrong; 
ſo that it may paſs for a kind of moveable cornea, or occaſional ſafe-guard 

to 


) 


QF I 


Oo 


CCP 


r CT FY WW . YT, \» 


*” S ” 


Final Canſes of Natural Things. 


163 


to the eye. In furniſhing frogs with this ſtrong membrane, the providence Parsrcs. 
of nature ſeems very conſpicuous ; for, they being amphibious creatures, 


deſign'd to paſs their lives in watery places, which, for the moſt part, 
abound in plants, endow'd with ſharp edges, or points ; and the pro- 
eſſive motion of this animal, being not by walking, but by leaping, if 
is eyes were not provided with ſuch a caſe, he muſt either ſhut them, and 
ſo leap blind-fold ; or, by leaving them 2 muſt run the risk of having 
the cornea cut, prick d, or otherwiſe offended; whilſt this membrane, as 
was ſaid, is like a kind of ſpectacle, that covers the eye, without taking 
away the ſight: and as ſoon as the occaſion for it is over, the ani 
withdraws it into a little cell, where it reſts till its uſe be again re- 
quired. This membrane becomes viſible, by applying the point of a pin, 
or any ſuch ſharp thing, to the eye of a frog, whilſt his head is feld 
ſteady ; for to ſcreen his eye, he will preſently cover it therewith, and af- 
terwards withdraw it, upon a removal of the ſuſpected danger. And 
becauſe many birds are deſtin'd to . among the branches of trees, and 
buſhes; leſt, by this means, the prickles, twigs, leaves, c. ſhould wound 
or offend their eyes, nature hath alſo given them ſuch another kind of 
horny membrane, as we find in frogs. i hay 
"T's known that men, and moſt four-footed beaſts, and birds, have ſe- 
veral muſcles belonging to their eyes, by the help of which, they can turn 
them any way; and ſo obvert the organ of ſenſe to the object. But na- 
ture, not having given that mobility to the eyes of flies, ſhe, in recompence, 
furniſhes them with a multitude of little protuberant parts, finely rang'd 
upon the convex of their large bulging eyes: ſo that by means of theſe nume- 
rous little ſtuds, numberleſs rays of light are reflected from objects placed on 
either hand, above, or beneath the level of the eye, and conveniently fall 
upon that organ, to render the objects they come from, viſible to the ani- 
mal; and by the help of a Food microſcope, and a clear light, ſome hun- 
dreds of theſe little round protuberances may be diſcover d, curiouſly 
rang d, on the convexity of a ſingle eye of an ordinary fleſh-fly. 
ut ſome may here pretend, that all organs of ſight ought to be con- 
form'd to thoſe of men; theſe being the beſt, and moſt perfect. And, 
indeed, man being juſtly reputed. the moſt perfect of animals, it is not 
ſtrange he ſhould preſume, that his eyes, and other parts of his body, are 
the beſt contriv'd of any to be found in nature ; yet we cannot, from hence, 
ſafely conclude, that all eyes, which, in other animals, are of different ſtru- 
ures from thoſe of man, ſhould, for that reaſon, be defective. For, 
firſt, the admirable wiſdom diſplay d by the author of nature, in fitting the 
eyes, and other organical parts of animals, totheir ſeveral uſes, and the 
reſpective functions we ſee them exerciſe, may juſtly perſuade us, that the 
things whoſe reaſons and uſes we do not alike diſcern, are, nevertheleſs, 
moſt wiſely conſtituted : God having too much knowledge to do any thing 
unskilfully ; and we having to much preſumption, if we ſuppoſe he had no 
ends in 3 his creatures beyond the reach of our diſcovery. And, 
ſecondly, the eye is not to be „ abſtractedly, as an inan of 
2 viſion ; 
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viſion ; but as an inſtrument belonging to an animal, that is to make uſe 


o of it in particular circumſtances. Aud, therefore, it ought highly to re- 


together, downwards; the ſeventh muſcle excelle * 


commend the wiſdom and providence of the great author of things, that 
he has furniſh'd various ſpecies of animals, with organs of fight, very 
differently framed and placed; ſince this diverſity nobly manifeſts his 


great providence and knowledge, in having ſo admirably ſuited the eyes 


of all animals, both to the reſt of their bodies, and to thoſe parts of the 
great theatre of the world, on which he deſign d they ſhall live and act. 
Thus, thoꝰ ſeveral beaſts, as horſes, oxen, &c. have their eyes furniſh'd 
with a ſeventh muſcle, beſides the fix they ſhare in common with men; we 
muſt not conclude, that either the organs of viſion are imperfect in men, 
or that thoſe of theſe beaſts have ſomething ſuperfluous : for they being to 
feed, for the moſt part,. on the graſs of the field ; and that they may the 
better chuſe their food, being obliged to turn their eyes, for a long time 
Lives them for that 
purpoſe, by . enabling them to eontinue unwearied by ſuch a poſture ; 
whilſt man, who has no fuch neceſſity of looking aſſiduouſſy downwards, 
would be only incumber'd by a ſeventh muſcle. n 
On the other hand, the deficiency obſervable in the eyes of ſome ani- 
mals, compared to thoſe of man, may be aſcribed to the juſt contrivance- 
of nature, that, on moſt occaſions, declines doing what is unneceſſary to 
the particular ends ſhe aims at in the fabric of a part. Thus moles, be- 
ing deftin'd to {live, for the moſt part, under ground, have their eyes 
ſo little, in proportion to their bodies, that *tis commonly beliey'd they 
have none at all; but, tho* I have found the contrary, yet their eyes are 
very different from thoſe of other four-footed beaſts ; which need not be 
wonder'd at, conſidering that nature deſign'd theſe creatures to live under 
ground, where fight is of no uſe ; and where large eyes would be more 
expos d to danger: beſides, their ſight, as dim as it is, ſerves them to per- 
ceive when they are no longer under ground; which ſeems to be the molt 


neceſſary intelligence they want from their eyes. 


Tis obſerved, that the organs of viſion in a camelion, are of a very 
uncommon ſtructure; ſince, to omit other conſiderable peculiarities, his 
eyes often move independently on each other ; ſo that, for inſtance, he 
can look directly forward with the right eye, and, at the ſame time, 
directly backward, towards his tail, with the left ; or may turn the pu- 
pil of the former ſtrait upwards, whilſt the other is turn'd directly down- 
wards. This 1 N power ſeems to have been granted him by provi- 
dence, that as he is a very low animal, and deſtin'd to live, for the moſt 
part, in trees and buſhes, and there to feed chiefly on flies; he may per- 
ceive them, which way ſoeyer they chance to come, within the reach of his 
tongue, which, being of a great length, he ſuddenly darts out, and there- 
with catches his prey. | 

Many fiſh have the cryſtalline humour of their eyes almoſt ſpherical ; 
and, conſequently, much rounder than it is found in man, and other ter- 
reſtrial animals. And this difference of figure, tho it would be inconvenient 


for 
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for us, is very well accommodated to them; ſince they, living in the wa- Paysrcs. 
ter, which, as a thicker medium, much more refracts the rays of light than 


the air, thro which they paſs to our eyes; twas fit their cryſtalline hu- 
mour ſhould be of that f, e, to refract the rays already refracted by 
the water, and thereby make them converge, ſo as to paint the images of 
objects at the bottom of the eye. 

Should a perſon of curioſity ſurvey and conſider the various ſtructures 
of the organs of viſion, in different animals, and compare them with the 
other parts of the . e animal ; the ſcene he is deſign'd to act on, 
and the uſes each of them is to make of his eyes, in the moſt ordinary cir- 
cumſtances; he might, doubtleſs, offer a probable reaſon of the diffe- 
rences in thoſe organs, which, to a common obſerver, would ſeem to be 
errors, or defects in nature. Thus, tho' the pupil of the eye be oblong in 
horſes, oxen, and ſome other quadrupeds, as well as in cats; yet, in the 
former kinds of animals, it lies tranſverſly from the right fide of the: 
eye to the left, whilſt, in cats, its ſituation is perpendicular: for horſes 
and oxen, being uſually obliged to find their food on the ground, they the 
more conveniently receive the images. of the graſs, &c. in a horizontal view, 
by having their Pupillæ tranſverſly placed; whilſt cats, being to live chiefly: 
on rats and mice, which are animals that uſually climb, and run upon 
ſteep places; the moſt commodious ſituation of their pupil, for diſcovering 
and purſuing theſe objects, is the perpendicular. But, to proceed: the 
different ſtructures, and ſituations of the eye, in different animals, wonder- 
fully ſhew a great variety in the skill of the divine author. And, indeed, if I 
might preſume to gueſs at any of God's ends, that are not manifeſt; I 
ſhould think that the delightful variety, we may obſerve, not only in animals 
themſelves, conſfider'd as entire ſyſtems; but in.thoſe parts of them which 
1 deſtin'd for the ſame function; as particularly, that the organ of 
viſion was deſign'd, at leaſt, among other ends, to diſplay the t creator's 
manifold wiſdom ; and to ſhew, that his skill is not confined either to one 
ſort of living engines, or in their parts of the ſame kind, to the ſame con- 
trivance ; but is able to make a multitude of ſurprizing organs, all of 
— 1 curious, and exquiſite in their kind, with regard to their different. 
uſes. 58.50 
To be able to frame clocks and watches, ſhips, mills, &c. manifeſts-a far 
greater skill in an artificer, than the power of making but one of thoſe en- 
gines, how perfectly ſoever he contriv'd it. And the ſame ſuperiority of 
3 would be diſplay' d, by contriving engines of the ſame kind, or: 
for the ſame purpoſes, after very different manners. | * 

Thus weights are of great uſe and neceſſity in the famous clock of Staſ- 
burg; and therefore it recommends the contrivers of watches, that they give 
them a very little and portable bulk, which is wanting in the Strasburg 
machine; and ſtill more, that. they can make a clock without weights, 
and ſubſtitute a ſpring to perform their office. } » 

And thus tho' it ſeems abſolutely neceſſary, that an animal ſhould be furniſh'd, 


with feathers, in order to fly; yet the wile creator hath ſhewn, that he is 
23 | not 
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not confined to appty them for that purpoſe ; fince a flying-fiſh is able to 
move a great way in the air. And the Indies have larel afforded a fort 
of flying ſquirrels, one whereof I faw, alive, at Fhitehall. And tho' the 
fight of theſe is ſmall, yet there is another kind of animal, without fea- 
thers, that long continues upon the wing, and that is the bat; ſome whereof 
J have ſeen but little leſs than hens : and was aſſur d, by a credible eye- 
witneſs, that, in the kingdom of Golconda, he had ſeen much bigger. 

This conſideration is alone ſufficient to juſtify the wiſdom of the cre- 
ator ; who, being a moſt free, as well as a moſt wiſe agent, men ought 
not to find fault, if he think fit to recommend his wiſdom, by difj laying 
it in very different manners: tho' there are many caſes wherein the leſs 
perfect fabric, or ſituation, of an eye, or other organical part, may be more 
convenient than the correſpondent organ of man, to obtain the ends for 
which it was given to an animal deſign'd to act upon its reſpective ſtage, 
and live by its peculiar proviſion. Peſides, an organical part may, in 
ſome animals, be intended for more uſes than in others; and, therefore, 
require a different ſtructure: as, in moles, the feet are differently framed, 
or ſituated, from thoſe of other quadrupeds; becauſe the chief uſe they 
are to make of them, is not to walk upon the ground, but to dig them- 
ſelves ways under it; provident nature wiſely ſuiting the fabric of the 
parts to the uſes herein they were to be employ d: as, a mechanic em- 
ploys one contrivance of his wheels, pinions, c. when he makes a mill to 
be driven by water; and another, when it is to be mov'd by the wind. 
The camelion has a tongue, both peculiarly ſhaped, and of a length diſ- 
proportionate to that of his body ; becauſe, as we before obſerved, he is 
to take his prey, which are flies, by ſhooting out that inſtrument ; and 


could nor often, otherwiſe, approach very near them, without frighting 


them away. And, in many cafes, where this reflection does not ſo pro- 
perly take place, we may obſerve, there is a wonderful compenſation 
made for that which ſeems: a defect in the parts of an animal, of a par- 
ticular ſpecies, compar'd' with the correſpondent ones of an animal of 
ſome other ſpecies Thus birds, which want teeth to chew their food, 
are not only furniſſ'd with hard bills to break it; and, birds of prey, 
with crooked ones to tear it; but, which is more conſiderable, have crops 
to prepare and'ſofren it, and very ſtrong muſcular ſtomachs, to digeſt and 
=_ it: in which work, they are uſually aſſiſted by gravel, and little 
ones, that they are led; by inſtinct, to ſwallow ; great quantities whereof 
are often f in their ſtomachs. | | 
And let it be here obſery'd, that chance is really no natural cauſe, or 
agent, but a creature of man's own making. For the things that are 
done in the corporeal world, are really done by the parts of the univerſal 
matter, acting and ſuffering according to the laws of motion, eſtabliſhed 
by the author of nature. But' we men, looking upon ſome of theſe parts . 
as directed in their motions by God, or nature, and as diſpoſed to the 
attainment of certain ends; if, by the intervention of other cauſes, that 
We are not aware of, an eſſect be produced, very different from that which 


we 
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we ſuppoſed was intended; we ſay that eſſect was produced by chance: Pursics. BY 
ſo that chance is indeed but a notion of ours, and ſignifies no more than LSWNI. BY 
that in our apprehenſions the phyſical cauſes of an eſſect did not tend to 
the production of what they have, nevertheleſs, produced. And there- 
fore I wonder, that the philoſophers who —. Ariſtotle, never treated 
of chance among natural cauſes. 

And as ſome ſtones, of the moſt curious ſhapes, have embolden'd many 
ſavourers of Epicurus to ſet them in competition with thoſe animals, or 
parts of animals, from their likeneſs whereto they have receiy'd their 
names ; we ought to conſider, that ſeveral learned men have, of late, 
made it very probable, that theſe ſtones were once really the animals, or 
thoſe parts + them which they reſemble, and were afterwards turn'd. 
into ſtones by the ſupervention of ſome petreſcent matter, or petrifying 
cauſe. And, allowing ſome of theſe ſorts of ſtones to be the production 
of the mineral kingdom; yet it would not clearly follow, that they owe 
their ſhapes to chance, ſince tis no abſurdity to admit ſeminal prin- 
ciples in the more elaborate ſorts of foſſils. However, I think it very in- 
jurious to make theſe . productions rival the animals to which they are 
compared. For the ſhape, in which alone they and the animals agree, be- 
ing an external thing, is not worthy to be mention'd, in compariſon of 
that wherein they differ ; the rude and light texture of the beſt ſhaped 
ſtone being immenſely inferior to the internal contrivance of an animal ; 
which muſt conſiſt of a multitude of parts of a determin'd figure, bulk, 
ſituation, Oc. as is obvious to thoſe who have ſeen diſſections skilfully made. 
And tis not only in the firm and quieſcent parts that this great internal dif- 
ference between ſtones, and the animals they reſemble, is to be found : there 
appears a far greater difference between a living animal, and a ſtone, 
than any the anatomical knife can ſhew us betwixt a dead one, and a ſtone, 
tho' ever ſo curiouſly figured. For there are numberleſs liquors, ſpirits, 
digeſtions, ſecretions, coagulations, motions of the whole body, of the 
limbs and other parts, which are lodg'd and perform'd in a living body, 
and are, perhaps, more admirable than the ſtructure of the ſolid and 
quieſcent parts themſelves : ſo that, tho* a ſtone, in external appearance 
very like a ſhell-fiſh, were made by chance; yet from thence to conclude, 
that chance may make a living ſhell-fiſh, would be to argue worſe than 
he who ſhould pretend, that becauſe an unskilful ſmith may make a hollow 
piece of metal like a watch-caſe, and fill it with ſome rude ſtuff, he muſt, 
therefore, be able to make a watch; for there is leſs difference betwixt the 
skill expreſſed in making the caſe of a watch and the movement, than in 
making a body like a thell, and the internal parts of a real fiſh: or, 
that becauſe putrefaction and winds have ſometimes made trees hollow, 
and blown them into the water, where they ſwim like boats; therefore 
the like cauſes may make a regular galley, according to the laws of naval 
architecture, man it, ſteer it, excite and guide all its motions to the 
advantage, for the preſervation, and various uſes of the veſſel. In ſhort, 
if chance ſometimes does ſtrange things, tis in regard to what ſhe herſelf, 
not to what nature uſes to perform. | And 
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Paysrcs.: And now, to give my thoughts upon the ſecond queſtion. 1. I think 
be naturaliſt may draw arguments from the ends and uſes of the parts of 
:hving bodies, provided he proceeds herein with due caution. 2. Tis my 
opinion, that the inanimate” bodies here below, proceeding not from ſe- 
:minal principles, have but a more ſlight texture; ſuch as earths, liquors, 
flints, pebbles; and will not ſufficiently warrant reaſonings drawn from 
their ſuppoſed ends. 3. It ſeems to me, that the celeftial bodies abun- 
dantly declare God's power and greatneſs, by the immenſity of their 
bulk, and, if the earth ftand ftill, the celerity of their motions; and alſo 
argue his wiſdom, and general providence, with regard to them : becauſe 
he has, for ſo many ages, kept ſuch a variety of vaſt vortices, or other 
maſſes of matter in motions immenſely rapid, without permitting them to 
deſtroy one another, or loſe their regularity. And I ſee no abſurdity in 
ſuppoſing that, among other uſes of the ſun, and of the ſtars, the ſervice 
of man might be intended; tho I doubt whether, from the bare contem- 
-plation of the heavens, and their motions, it can be cogently inferr'd, 
that the chief end of them all, is to enlighten the earth, and bring benefits 

to the creatures that live upon it. | 
| 2 Hitherto I ſuppoſe the naturaliſt to diſcourſe merely upon phyſical 
— poſitive grounds; but if revelation be admitted, we may rationally believe more, 
of final cauſes and ſpeak leſs doubtfully of the ends of God, than bare philoſophy will 
| gbiloſoply. Warrant us to do. For if God is pleas' d to declare any thing to us con- 
cerning his intentions in the making of his creatures, we ought to believe 
it, tho the conſideration of the things themſelves did not give us the leaſt 
ſuſpicion of it; which yet, in our caſe, they do. The ſcriptures expreſly 
teach us, that God made the two great luminaries, the greater to rule 
the day, and the leſſer to rule the night; that he made the ſtars al- 
* ſo, and ſet them in the firmament, or expanſum of heaven, to give 
* light. upon the earth.” And theſe are reckon d among the uſes of theſe 
luminaries: ** to divide the day from the night; and to be for ſigns, and 
or ſeaſons, and for days and years.” And Moſes, diſſuading the 1/r aelites 
from worſhipping the ſun, the moon, and the ſtars, ſays, that © the Lord 
had imparted them unto all nations under the heaven.” And there- 
fore thoſe Carteſians, who admit the authority of holy ſcripture, ſhould 
not reject the conſideration of ſuch final cauſes as revelation diſcovers to 
us; fince tis certainly no preſumption to think we know God's ends, 
when he himfelf acquaints us with them: nor to believe that the ſun, 
tho, generally, eſteem'd a nobler body than the terreſtrial globe, was 
made, among other purpoſes, to enlighten it. Tis recorded, in the book 
of Geneſis, that God's deſign in making man, was, that he ſhould © ſub- 
due the earth, and have dominion over the fiſh of the ſea, and over the 
* fowl of the air, and over the cattle, and over all the earth, and over 
every living thing that moveth upon the earth.” And the ſame book 
informs us, that, after the deluge, God © deliver'd all terreſtrial beaſts, 
* and fowl, and fiſh, and every moving thing that lives, into the hands 
of men, and intended that they ſhould eat animals; as, before the flood, he 


hed 
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had appointed them all the ſorts of wholeſom vegetables for their ſood. Puxsics. 
And, ſince God was pleaſed to appoint, that men ſhould live on theſe . 


creatures; it cannot be abſurd to ſay, that, among other purpoſes to 
which he deſtin'd the ſun, his ſhining upon the earth was one; ſince, 
without his light and heat, men could not provide for themſelves ; and 
neither thoſe plants, that men and cattle — feed upon, could grow and 
ripen ; nor, conſequently, thoſe animals that were to be their 2 
food, and ſerve them for other uſes, could be ſuſtain'd, and provided for 

Many other texts might be here alledged to the ſame purpoſe ; but I ſhall 
content myſelf ro mention that of the royal prophet, when, ſpeaking of 
man to his maker, he ſays, Thou haſt made him a little lower than the 
* angels, and haſt crown'd him with glory and honour. Thou madeſt him 
* to have dominicn over the works of thine hands, and haſt put all things 
under his feet.“ 

Indeed, if we conſider only that viſible part in man, his body; the 
ſmallneſs thereof may make it ſeem improbable, that portions of the 
univerſe, incomparably greater than he, ſhould be intended for his ſer- 
vice. But chriſtians will not think this incredible, if they conſider man, 
as he chiefly conſiſts of a rational mind; which proceeds immediately from 

Cod, and is capable of knowing him, loving him, and being eternally 
happy with him. They who deſpiſe man, conſider'd in this capacity, 
very little know the worth of a rational ſoul. But God, who is the beſt 
judge in this caſe, was pleas'd to conſider men ſo much, that it gave David 
cauſe to admire, as we juſt now ſaw; and not only to form them in his 
image, at their firſt creation ; but, when they had wilfully loſt, and for- 
feited it, he vouchſafed to redeem them by the ſufferings and death of his 
own ſon, who is incomparably more excellent than the whole world. 
And 'tis not incredible, that God ſhould have intended many of his other 
works to be ſerviceable to man; ſince, by miraculous operations, he hath, 
ſometimes, ſuſpended the laws of nature ; and, ſometimes, over-ruled 
them for his ſake : as appears by the flood, by the paſſage of the ſraelites 
thro the red-ſea, and the river of Jordan; by the ſtanding-ftill of the 
ſun and moon, at Joſhuah's command; by the inefficacy of the burning 
fiery-furnace on DaniePs three companions ; and, in ſhort, by the ſtu- 
pendous eclipſe of the ſun, at the crucifixion of the Meſſias. 

And we fhall the leſs ſcruple to admit, that ſuch vaſt bodies, as the 
ſun and moon may tend to ſerve mankind, if we conſider, *tis far from be- 
ing a conſtant rule, that a thing more excellent cannot be employ'd for 
the good of a leſs excellent. Thus an angel was ſent to relieve Hagar in 
the wilderneſs ; another had regard to the life of a prophet's aſs; and 
many more 'were employed on earth, in doing good offices to particular 
28 and, of all the angels in general, the epiſtle to the Hebrews in- 
orms us, that they are miniſtring ſpirits, ſent forth to miniſter unto 
* them who ſhall be heirs of ſalvation. 


Vor. II. Z SECT. 
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Physics. 
er. HL 
How inanimate Reparatory to the diſcuſſion of the third queſtion, © Whether, and in 
= *. ** what ſenſe, the acting for ends may be aſcribed to an unintelligent, 
thy prone and inanimate body? it will be neceſſary to clear the grand difficulty 
ain. that has before, and ever ſince the time of Avittle, perplexed thoſe who 


allow the conſideration of final cauſes in natural philoſophy. This difli- 
culty is obvious enough; for much the greater part of bodies being ſenſe- 
leſs, and, moſt of them, lifeleſs too; it ſeems inconceivable how they 
ſhould conſtantly act for ends they are not capable of pre- deſigning, and, 
appoſitely employ means they have no knowledge to make choice of. 

Ariſtotle, who expreſly teaches, that nature does nothing in vain; and, 
rightly judg'd, that the actions of natural agents had a tendency to cer- 
tain ends; takes no notice of this difficulty, but ſeems rather to ſhift it 
off than reſolve it. 

But, to conſider the difficulty itſelf, there are two accounts on which 
the actions of natural agents may be ſaid to tend to a certain end; as, 
either when the agent has a knowledge of that end, and acts with an in- 
tention to obtain it; or, when the action of the proximate agent is di- 
rected as it ought, to obtain an end, which, yet, is neither known, nor 
intended, by that proximate agent ; but by a remoter, that is intelligent. 
In the former of theſe ſenſes, I cannot admit, that any inanimate — 
acts for ends; ſince that pre- ſuppoſes the agent both to know the end he 
is to obtain, and to purpoſe to obtain it: things whereof inanimate bo- 
dies are incapable. And, to fancy with ſome, that they may have a know- 
ledge, ſui generis, as they ſpeak ; which, tho* confined to the actions pro- 
per to a particular kind of body, ſhall yet ſuffice to determine them to thoſe 
actions, is, to offend 1 that rational, and receiv d rule in philoſophy, 
that Beings are not to be multiply d, without there appears a neceſſity for 
them; and to introduce a ſort + knowledge that ſeems unintelligible. 

It remains, then, that I embrace the ſecond ſenſe, in which *twas 
formerly ſaid, natural things may work for an end; tho', in this caſe 
too, we muſt ſpeak ſomewhat improperly : for the action may more juſt- 
ly be attributed to the remote intelligent, than to the immediate agent, 
which 1s but, as it were, the inſtrument of the other. Now, it appears 
to me, that the moſt wiſe, and powerful author of nature, whoſe piercing 
ſight is able to penetrate the whole univerſe, and ſurvey all the parts of 
It ar once; did, originally, frame material things into ſuch a ſyſtem, and 
ſettle among them ſuch laws of motion, as he judged ſuitable to the 
ends he propoſed to himſelf in making the world. And as, by virtue of 
his vaſt and boundleſs intellect that he, at firſt, employ'd ; he was able, 
not only to ſee the preſent ſtate of things he had made, but to foreknow 
all the effects that particular bodies, peculiarly qualify'd, and acting ac- 
cording to the laws of motion, by him eſtabliſhed, would, in particular 
circumſtances, have on one another; ſo, by the ſame omniſcient 25 

| e 
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he was able to contrive the whole fabric, and all its parts, in ſuch a Physics. 
manner, that, whilſt his general concourſe maintain'd the order eſta e 


bliſhed, each part of this great engine ſhould, without either intention, 
or knowledge, as regularly and conſtantly act towards the attainment of 
the reſpective ends he defign'd them for, as if themſelves really under- 
ſtood, and induſtriouſſy proſecuted thoſe ends. Thus, in a well-made 
clock, the ſpring, the wheels, the balance, Cc. tho' each of them act ac- 
cording to the impulſe it receives, and the determination that is given it 
by the other parts of the engine, without knowing what the neighbouring 
parts, or what themſelves perform; yet their tendencies are ſo deter- 
mined, and over-ruled, and their motions ſo regulated, by the ſtructure 
of the machine, that the whole could not proceed more conveniently, nor 
better perform the office of a clock, if they knew they ought all to con- 
ſpire, and were deſign'd to make the index truly mark the hours. Tis 
not eaſy, indeed, to conceive, how one agent ſhould, by ſo ſimple an in- 
ſtrument as local motion, direct ſuch a multitude of others, as make 
up a world, to act with the ſame regularity, as if each of them went 
upon its own particular deſign, and yet all conſpire to obey the laws of na- 
ture. But if we conſider, that this great work is aſcribed to an omniſcient, 
and almighty agent, it will not appear incredible; eſpecially ſince tis 
manifeſt, that a multitude of bodies act as we have ſuppoſed : and that, 
if we will not aſcribe to God the direction, and ſuperintendency of the 
motions that are manifeſtly fitted for the attainment of ends, we muſt 
aſcribe them to nature ; which will not leſſen, but increaſe the difficulty. 
And, upon viewing a great engine, wherein the works of many trades, 
and a great variety of other motions were perform'd by little puppets, that 
managed the tools of the ſeveral artificers ; whilſt all of them were ſet on 
work by a ſingle ſpring, which communicated motions, ated and 
determined by the particular ſtructure of the little ſtatues, Nc. I could 
not think it impoſſible, that the great creator ſhould be able, by the mo- 
tions and ſtructures of matter, to ſet very many partial, and ſubordinate, 
engines a-going. For *twill not, I hope, be ſaid, that the multitude of 
theſe, any thing near ſurpaſſes that of thoſe which I ſaw in the hand of 
an illiterate tradeſman, ſo far as the narrow knowledge of that artificer is 
ſurpaſſed by the boundleſs underſtanding of an omniſcient artiſt. And 
God's wiſdom and skill is more diſplay'd in making ſo many various bo- 
dies act according to their particular deſignations, while they all conſpire 
to the general ends of the univerſe; than barely in cauſing bodies to act, 
appoſitely, for ends to themſelves unknown. For, if moving bodies be 
duly diſpoſed, and have a ſufficient connection, tis not difficult to direct 
a few of them to the attainment of an end propoſed by an underſtanding 
agent, tho' unknown to the immediate agents: as, anciently, among the 
Jewiſh husbandmen, and, at this day, in ſome parts of the eaſt, the ox, 
by treading the corn, ſepatates the grain from the ſtraw, as well as the 
labourer who thraſhes it, on 1 * to make that ſeparation; and a 
2 


rſe, 
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Paysrcs. horſe or an aſs, by going round in a mill, may grind the corn as well as 
e miller himſelf. 

This doctrine, however, is not inconſiſtent with the belief of any true 
miracle; for it ſuppoſes the ordinary and ſettled courſe of nature to be 
maintain'd ; without at all denying, that the moſt free and powerful author 
of nature is able, whenever he thinks fit, to ſuſpend, alter, or contradict 
thoſe laws of motion, which he, alone, at firſt eſtabliſh'd, and which re- 
quires his perpetual concourſe to uphold. 


CI. VN. 
How final cauſe O come to our laſt queſtion, *© With what cautions, final cauſes are 
2. 2 to be conſider d by the naturaliſt? I muſt obſerve, that the caſes 


whereto it may relate, are ſo many and various, that I can only touch 
upon ſome few of them. | 
And to make way for what I am to offer, by a diſtinction; there are 
two ways of reaſoning from the final cauſes of natural things, that ought 
not to be confounded. For ſometimes men draw arguments from the uſe 
of bodies, that relate to the author of nature, and the general ends he is 
ſuppoſed to have intended in things corporeal : as when from the mani- 
fel uſefulneſs of the eye, and all its parts, for viſion, tis inferr'd that the 
eye was originally framed by a very intelligent Being, with a particular 
care that animals ſhould be furniſh'd with the fitteſt organ of ſo neceſſary a 
ſenſe. And ſometimes, alſo, men ground arguments upon the ſuppoſed 
ends of things, as to the peculiar nature of the things themſelves ; and 
conclude, that this affection of a natural body or part ought to be granted, 
or that deny'd ; becauſe by this, and not by that, or by this more than by 
that, the end deſign'd by nature may be beſt and moſt conveniently obtain'd. 
The latter ſort of arguments I uſually call purely phyſical ; and thoſe of 
is . may be ſtiled phyſico-theological, or, by a — name, meta- 
cal ones. 
: But in order to be the more clear upon this ſubject, I ſhall refer my 
thoughts of it to the five followingpropoſitions. 


rr 


As to the generality of the celeſtial bodies, it ſeems unſafe to draw arguments of 
their nature, on a ſuppoſition of particular ends, at leaſt of the human ones, 
deſign d by God in their formation. 


ds to the celeſtial J am by all means for encouraging the contemplation of the celeſtial 
— art of the world, and the ſhining globes that adorn it, and eſpecially the 
un and moon, in order to raiſe our admiration of the ſtupendous power 

and wiſdom of him, who was able to frame ſuch immenſe bodies ; and, 
notwithſtanding their vaſt bulk, and ſcarce. conceivable rapidity, keep 

them for ſo many ages conſtant both to the lines and degrees of their mo- 

tion, without interfering with one another. And, doubtleſs, we ought to 
return 
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return thanks and praiſes to the divine goodneſs, for having ſo placed the ſun Physics. 
and moon, and determin'd the former, or elſe the earth, to move in particular 


lines, for the good of men, and other animals. And how diſadvantageous 
would it have been to the inhabitants of the earth, if the luminaries had moved 
after a different manner? I dare not, however, affirm, that the ſun, moon, 
and other celeſtial bodies, were made, ſclely, for the uſe of man; much leſs 
preſume to prove one ſyſtem of the world to be true, and another falſe ; be- 
cauſe the former is better fitted to the conveniency of mankind, or the other 
leſs ſuited, or perhaps altogether uſeleſs to that end. Thus men ſometimes 
alledge, that the ſun ought to be in perpetual motion, to ſhine upon the 
earth; becauſe, as they = *tis more convenient for man, that thoſe 
diſtant bodies, than that the earth, which is his habitation, ſhould be kept 
in motion. But conſidering things as mere naturaliſts, it ſeems not very 
likely, that a moſt wiſe agent ſhould have made ſuch vaſt bodies as the ſun 
and the fix'd ſtars, (eſpecially, if we ſuppoſe them to move with ſuch a 
prodigious rapidity, as vulgar aſtronomers aſſign them) chiefly to illumi- 
nate a little globe, that, without an hyperbole, is but a phyſical point in 
compariſon of the immenſe celeſtial ſpace ; while thoſe lights might as well 
illuminate the earth, if they were a thouſand times leſs than they are; 
provided they were placed at a proportionable diſtance from it. And 
twill be very hard to ſay, what conſiderable uſe the terreſtrial globe, or 
its inhabitants, derive from that multitude of celeſtial ſpheres which com- 
poſe the milky way; ſince each of thoſe ſtars is fo far from being ſingly 
able to enlighten the earth, that Ariſtotle, and the generality of philoſo- 
phers, for many ages, took the whole number of them for a meteor. And 
what light, or other known advantage, can the earth, or its inhabitants, 
receive from thoſe many fix'd ſtars, that the teleſcope, only, can diſcover, 
among the ſix or ſeven conſpicuous ones of the Pleiades; or among thoſe, 
which the naked eye diſcovers in the belt or girdle of Orion * ? 

I foreſee, it may be ſaid, that theſe and the like celeſtial bodies are, at 
leaſt, thus far uſeful to man, as to diſcover to him the power and great- 
neſs of the divine maker. And, indeed, tho' perhaps his wiſdom appears 
as great to us men in the ſtructure of a glow-worm, as in the diſpoſition 


of the ſmall ſtars, that make up the galaxy; yet the immenſity of his power 
| could 


* It ſeems difficult to ſay, what ad- | © thence raiſe vapours in great plenty, 
vantages the earth can receive from the |} © which gathering into clouds, fall down 
comets ; yet late diſcoveries have led us in rain, and thereby water the earth, 
to conjecture at their uſe : and that moſt © and fit it for vegetation; or elſe being 
ſagacious philoſopher, Sir /. Necuton, ſup- } © condenſed by the cold tops of the 
poles that one final cauſe of comets, is, | © mountains, diſtil down in ſprings and 


** to recruit the ſeas, and the moiſture | © rivers; ſo .comets ſeem neceſſary to 
in the planets, by a condenſation of | © preſerve the waters in the planets, by 
their vapours, and exhalations there- | © continually repairing, and ſup lying 
* on, For as ſeas are abſolutely neceſſa- | © with their exhalations and condenſed - 
* ry to the conſtitution of our earth, to | © vapours, all that liquor, which being 


* the end that the heat of the ſun may | © waſted in vegetation and putrefaction, 
is 
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Pursics. could not poſſibly be ſo well declared by leſs productions. Theſe argu- 
ments, nevertheleſs, are not purely phyſical, but of that ſort which I call phy- 


ſico-theological, whoſe inferences relate to the general deſigns of God in the 
univerſe, which I therefore ſtile coſmical ends; but do not reach to prove 
any thing about the determinate nature of particular bodies. And ſince 
the utmoſt that philoſophy teaches, is, that in general, the good of man 
Was one of the ends deſign'd by God in framing the world as we ſee it,; 
there may, by the ſame omniſcient author of nature, be other ends deſign & 
of thoſe tele ſcopical, and other ſmall or remote ſtars, whoſe uſes to us are 
doubtful or inconſiderable; to attain which ends, thoſe celeſtial bodies an d 
motions may be admirably contrived and directed. And we being unable 
by mere reaſon to diſcover what thoſe ends are, tho' we. have nothing 
near ſo great cauſe to think there may not be ſuch ends, as the infin ite 
wiſdom of God gives us to think there may; tis preſumptuous to judge 
of the ſyſtem of the world, and of the deſign of vaſtly remote fix'd ſtars, 
by its being greater or leſs advantageous to us: eſpecially ſince tho' it were 
certain, that, among other uſes, God intended they ſhould in ſome ſort be 
ſerviceable to us ; yet he has no way declared in what capacity, or to what 
degree, they ſhall be ſo. And therefore, if they prove ſerviceable in any 
meaſure ; that is, ſo far as we know, all he deſign'd they ſhould be: and 
that itſelf, being an unmerited favour, deſerves our humble thanks. And 
it ſeems very likely, that God did not deſign equal advantages to all the 
parts of the earth, from the preſent ſyſtem of the univerſe ; ſince the 
countries inhabited by the Samoids and Nova-Zemblans, and other nations 
that lie very near the arctic pole, want many conveniencies and advan- 
tages enjoy d by the inhabitants of the temperate zones. 

But tho” bare philoſophy does not favour this bold opinion, yet I know 
twill be pretended that revelation does. And I readily confeſs, that the 
terraqueous globe and its productions, eſpecially the plants and animals 
tis furniſh'd with, appear, from the ſcripture, to have been deſign'd for 
the uſe and benefit of man ; who has, therefore, a right to employ any of 
them he is able to ſubdue ; and that the ſun and moon were appointed by 
God to give light upon the earth, and be uſeful to all the nations that in- 
habit it: and that therefore the royal prophet had reaſon to exclaim, 


*« -is turn'd into dry earth upon them. | © ry way therein, and ſpread thro' the 
For all vegetables wholly grow from | © whole heavens; afterwards they are 
„ liquids, and afterwards, in great mea- | ©* gradually attracted by the planets, from 
« ſure, change into dry earth by putre- | © their principle of gravity, and proba- 
faction; and a terreftrial part perpe- | © bly intermix'd with their atmoſpheres. 
% tually falls from — fluids, | 1 farther ſuſpe&,” ſays this groat philo- 
Hence the bulk of dry earth is con- | ſopher, ** that the ſpirit, which is the 
« ſtantly upon the increaſe, and | the | © leaft, the moſt ſubtile, and the beſt part 
% fluids, unleſs by ſome means ſupplied, | © of our air, and which is neceſſary to the 
'« muſt continually decreaſe, and at length“ life of all things, comes principally 
be exhauſted. But the vapours of co- | © from the comets.” Newton, Princip. 
** mets being continually rarified in the | p. 472, 473+ 

„empty celeſtial ſpace, are dittuſed eve- | 


«© how 


Final Cauſes of Natural Things. 


© how manifold are thy works, O Lord! how wiſely haſt thou made them Pn 
« all!” For he applies theſe expreſſions to the terraqueous globe and it 


inhabitants; as he elſewhere juſtly ſays, that © the heavens declare the 
* glory of God, and the firmament ſheweth his handy-work.” But theſe 
general declarations, tho they properly excite our wonder and thankful- 
neſs, yet I fear, are not good topics, from whence to draw ſuch phy- 
ſical concluſions in particular caſes, as ſome learned men venture upon. 


For I do not remember tis any where declared in ſcripture, that the ſer- 


vice of man was the only, or principal uſe, of all the celeſtial bodies. And 
this ſingle conſideration ſhould make us very cautious, how we eſtimate the 
great ſyſtem of the world by our conveniencies. And if it be ſaid, that 
man alone has a rational faculty, whereby to refer the great works of God 
to the glory of their maker; I anſwer, that tho' this has been affirm'd by 
many, yet I have never found it prov'd. And I ſomewhat wonder, that 


divines ſhould, on this occaſion, overlook that paſſage in Fob, which they. 
generally interpret of the angels. For the queſtion which Ged there puts 
to Job, may be juſtly applied to Adam himſelf; © Where waſt thou, When 


* I laid the foundations of the earth? declare, if thou haſt underſtanding. 
When the morning-ſtars ſang together, and all the ſons of God ſhouted 
for joy?” And, indeed, if we _ preſume to conjecture at ſuch 
things, it ſeems reaſonable to me, that 

material world, that he might have intelligent Beings to pay him the juſt 
tribute of praiſes for ſo admirable a ſpectacle, as that of the riſing world, 
or the beginning and progreſs of the creation. However, it appears from 
theſe words in Fob, that before man was made, God wanted not intelli- 


gent ſpectators and _— of his corporeal works. And ſince the angels 
intellectual creatures than men, and no-unconcern'd 
p at the works of God; how do we know, that in the ſyſtem of 


are a nobler order o 


at part of the heavens which is inviſible to us without the help of teleſcopes, 


and in the plants, animals, or other furniture, whatever it be, of thoſe 


particular ſtars that ſerve us men, barely for declarations of their maker's 
power; ſuch intelligent ſpirits as angels may not diſcern as wiſe deſigns, 
and as admirable contrivances, as thoſe manifeſted in forming and furniſhing 
the earth? And in this caſe, God will loſe none of the glory due to the 
divine attributes diſplay'd in the fabric of the celeftial part of the world, 
tho? the fix d ſtars ſhould not be principally deſign'd for the ſervice of man. 
But, ſecondly, tis yet more unſafe to form arguments upon the nature 


of particular inanimate bodies in the ſublunary world, from the uſes we - 


think them deſign'd for. 


This will be made evident, by conſidering how little we know of the Aud thys that 
are terreſtrial. 


particular purpoſes cf nature, in thoſe terreftrial bodies, which being in- 
organical, cannot, by their curious ſtructure, diſcloſe to us the particular 
ends to which they were ordain'd. And their motions wanting that con- 


ſtancy and regularity of the celeſtial bodies, the caution given about draw 


ing arguments from the aſtronomical ſyſtem, will. not, ſure, be- thought 


unfit to take place in clays, chalks, ſtones, Oc. whoſe textures, compared 


with 


od created the angels before the- 
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tell: and perhaps ſuch an anſwer may he mo 
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Physics. with thoſe of living creatures, are very ſimple, flight, and ſeldom more 
curious than may be made artificially, by diſſolving ſtones and metals in 


chymical menſtrua, and afterwards cryſtallizing the ſolutions. *Tis true, 
revelation ſpeaks rather of God's having.deſtin'd animals and vegetables, 
than other inanimate bodies, to the ſervice of men; yet there is no abſurdity, 
to conceive, in the general, the ſame to be one of the ends delign'd by the 
author of nature, in making metals, ſtones, and thoſe other inanimate 
arts of the terreſtrial globe, that man is able to maſter and make uſe of. 
But "tis very unlikely, that the internal part of the earth, which may, for 
ought we know, contain great varieties of foſſils, and other creatures, 
ſhould be made chiefly for the ſervice of men, from whoſe ſight they lie 
hid; and who will, in all probability, never deſcend to a thouſandth part 
of the depth requiſite to diſcover them, and do not ſo much as know what 
kind of bodies they are. And tho' it will not hence follow, that the terra- 
queous globe was made by chance, any more than that the other plants 
were ſo; becauſe the admirable ſtructure of plants and animals proves the 
exiſtence and providence of a moſt wiſe _ powerful author of things, 
who may juſtly be ſuppoſed to have made nothing in vain, even among the 
— globe; yet that thoſe inanimate portions were 

made for determinate ends, is more eaſily deduced from the — * we 
have, by other means, of their being produced by a wiſe author, than from 
the contemplation of thoſe bodies themſelves. And, perhaps, it is worth 


inquiry, whether ſome things may not be made, even by a wiſe agent, not 


out of a e Comm but as productions that will naturally follow, 
upon the eſtabliſhment and preſervation of thoſe grand laws and rules of 
motion, that were moſt fit to be ſettled among things corporeal. And tis 


very poſſible, that, according to ſuch a * eſtabliſhment, many parts 
by 


of the terreſtrial globe are ſo diſpoſed of, as not to be ſerviceable to men; 
becauſe the whole maſs could not otherwiſe be ſo well ſuited to the gene- 
ral ends of the univerſe. Thus, tho? the eclipſes of the ſun and moon be 
uſually unwelcome, and, if aſtrologers may be credited, often prejudicial 
to men ; yet © the great former 27 all things did not think fit to alter the 


tracts or lines of motion that he aſſign'd the luminaries, to avoid the 


eclipſes that muſt yearly enſue upon their moving in ſuch lines. Whence 
we alſo learn, that ſome phenomena may not belong to the primary inten- 
tion of nature; but are only the neceſſary conſequences and effects of the 
primitive conſtitution of the world, and the univerſal laws of motion. 

But if it be here demanded, to what end the deep and hidden parts of 
the terraqueous globe, and the teleſcopic ſtars of the firmament, were 
made, if not for the uſe of man? 1 cknowledge, that I cannot 
expreſſive of the profound 
their opinion, who 


reverence we owe the great author of ature, 


would have all theſe made for the ſole uſe of ma 
PROP. 


am zu tone bann | 
"Tis often allowable for a, naturaliſt, from the manifeſt and appoſite uſes of the 
parts of animal bodies, to collect ſome of the particular ends for which the creator 
I 7 them: and in ſome caſes we may, from the kuown nature and ſtructure 
the parts, drau probable conjettures about the particular offices of them. 


To obviate miſtakes, it muſt be here obſery'd, that I ſpeak only of thoſe 
ends and uſes of the parts of an animal, that relate to the welfare and 
E of the animal itſelf, and which, therefore, I call animal ends; 
tho I do not thereby deny any declaration made in the holy ſcriptures, chat 
God deſign'd the entire animals, as well as their parts, to be ſerviceable 
many ways to man. This premiſed, I come to conſider diſtinctly the two 
parts of the propoſition. l THULE | 

And, firſt, there is no work of nature known to us, wherein the con- 
ſideration of final cauſes may ſo juſtly take place, as in the ſtrufture of 
animal bodies. For my own part, I confeſs, that when I aſſiſt at a skil- 
ful diſſection, I cannot but wonder 'there ſhould be philoſophers, who 
aſcribe'the admirable contrivance of a human. body. to blind chance. 'The 
Koic, who in Citero, ask d an Epicurean why chance did not make palaces, 
and erect other buildings, ſeems to have propoſed a pertinent queſtion. 
But the moſt commodjous houſes, are far. leſs curious ſtructures than the 
human machine: for the materials of a palace are few, in compariſon to 
the parts of an animal body; and their diſpoſition exceeding flight, com- 
pared to the curious and elaborate contrivance of the numerous ſolids and 
fluids of the human ſtructure: the former whereof, alone, are above ſome 
hundreds; yet in every one of theſe parts, the bulk, figure, conſiſtence, tex- 
ture, ſituation, connexion, and aptneſs for motion, are the moſt commodious 
that can poſſibly be deviſed ; whilſt all of them are wonderfully ſymmetri- 
cal, both to one another, and the whole body. And this number of parts 
is ſo artificially contrived and fer together, that tho no room be loſt, 
many of them, at the ſame time, exerciſe very different motions, while each 
moves freely, and rather promotes than hinders the motion of others. 

Hurts or diſeaſes may ſhew how excellently all, the parts of our bodies 
are contrived, in order to our welfare. For if even a finger be ſwell d, 
diſplaced, kept in a wrong weh by contractions, have its continuity 
violated, its tone chang'd by ſtrains or conruſions, its ſenſe or motion ta- 
ken away, its membranes fretted by ſharp humours, or its motions diſ- 
order d by convulfions ; we quickly find, how commodiouſly the parts 
affected were framed: or difpoſed ; their natural figure, connexion, tone, 
Oc. being now alter d. 1 TEIN ny f 

The eye, to ſingle out again that part for an inſtance, is ſo exquiſitely 
adapted for ſeeing, and fo little fitted for almoſt any other office in the 
body; and that uſe is ſo neceſſary for the welfare of the animal, that it 
may well be doubted, whether any conſidering man can really think it not 
deſigned for that uſe. The ſix or 1 | 

or. II. Aa 


ven muſcles, which move the whole * 
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Pnrsics. of the eye upwards, downwards, to the right-hand, to the left, and to va- 
YN rious oblique poſitions ; and the ſeveral coats and humours that make up 
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the organ, have not only their magnitude, figure, conſiſtence, ſituation, 
and connexion, admirably adapted to that end ; but the tranſparency of 
the cornea, and the three humours, the 2 of the uvea, the ſemi-opa- 
city of the retina, and the ſeveral motions of the parts of the eye, which 
are requiſite to receive, tranſmit, refract, and diſpoſe the viſual rays, 
that come from the object, after the manner neceſſary to make the livelieſt 
picture of it in the bottom of the eye; wonderfully conſpire to compleat 
this matchleſs inſtrument of viſion : whence we may as properly conclude, 
that an eye, as that a teleſcope, is made to view objects with. But, in 
that admirable perforation of the uvea, which we call the pupil, nature 
has greatly exceeded art. For tho' we are obliged to employ opake 
bodies, with ſeveral circular apertures, to the objet-glaſſes of teleſcopes, 
that ſome may let in leſs light, and others-more, according as the objects 
require to be illumin'd ; that part of the uvea, whichis ſuſpended in the 


aqueous humour, is an aperture that widens and contracts it ſelf, in an 


inftant, according to the exigency of the object. 

But for the uſes of the ſeveral parts of the eye, I refer my reader to Schei- 
ner s Oculus, and Des Cartes's Dioptrics ; whence it will appear, that, in 
forming this part, nature not only ated with deſign, but with ſo great 
skill in optics, that a more than ordi acquaintance with that ſcience 
is neceſſary to underſtand the wiſdom of the ſeveral contrivances; which, 

rhaps, no degree of skill whatever in it, would enable a man to alter 

or the better. | 2 

"T were tedious to mention other parts of the body, that manifeſtly ap- 
r to have been ordain'd to certain uſes. The books of anatomitts are 
of paſſages to this purpoſe : of which I ſhall only ſay in general, that 

tho what they deliver is ſufficient to ſhew all the parts of the bod 

to be the e of an intelligent cauſe; yet, unleſs their deſcriptions, an 
reflections, be improved by mathematics, mechanics, and chymiſtry, we 
ſhall have but an imperfect notion how intelligent that cauſe is; or how 
_ wiſdom is diſplay'd in the ſtructure of a human body, and its ſeve- 

Its. | | 1 | 

I know *tis objected, by the Epicureans, that the parts of animals were 
firſt made, and their uſes afterwards diſcover'd, by the ſagacity of men. 
But this is a ſophiſtical objection. For, firft, many of the internal parts 
perform their functions, without our having any knowledge of their ſtru- 
Cture, or ſituation; fo far are they from being applied to ſuch uſes by 
our ſagacity. And as for the limbs, and other parts, which we move 
at pleaſure, tis true, they cannot be employ'd to their reſpective uſes, 
till actually form d; neyertheleſs, they might be originally ſo form'd, as, in 
due time, to be fit for ſuch uſes. And, in effect, we ſee that a chick is 
furniſh'd with compleat eyes and wings, before it be hatch'd ; tho? whilſt 
incloſed in the egg, it can make no uſe of them, either to ſee, or fly. And 
why was it, do the Epicureans think, that nature provided a whole ſett of 

17 | temporary 
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temporary parts for pregnant females, and animals in the womb ; which, Parsrcs. 


|| 
"79 | 


when they are come into a freer ſtate, partly ſhrink away of themſelves,. 


and partly turn to a ligament, fitted no longer for theformer, but for a more 
ſeaſonable uſe > And 'tis to be noted, that theſe umbilical veſſels, and 
the placenta to which they are faſten'd, is of no neceſſity or uſe to the female 
before conception ; and therefore, thoſe temporary parts, appear to have 
been deſign'd by nature for the propagation of the ſpecies. 

And tho' the ſagacity of men, may have found out ſome uſes of the 

rticular parts of their bodies, which ſeem not to have been primarily 
intended by the author of nature ; yet this does not prove, that thoſe uſes 
were undeſign d: for the preſcience, and neſs of God, are ſufficient to 
render it probable, that he who gave man the limbs of his body, and the 
endowments of his mind, did both foreſee what uſes men might, according 
to their ſagacities, and emergencies, make of theſe parts; and ſo contrive 
the parts, that they ſhould be applicable to ſuch uſes. 

And, we may now proceed to the latter part of our propoſition ; which 
aſſerts, that, in ſome caſes, from the known ends of nature, as well as from 
the ſtructure of the parts, probable conjectures may be form'd about the 
particular offices of them. 

This could not have been ſeaſonably ſpoken to before ; becauſe the ar- 
guments that were founded on the uſes of the parts of animals, ſuppoſe 
thoſe parts to have been deſtin'd to particular uſes, knowable by us; 
and that the ſeveral parts of the body were contrived as wiſely, and com- 
modiouſly,as men are able to deviſe, in order to the ends of nature : which 
muſt always be underſtood to have united in her deſigns, the uſes of the 
parts, and the welfare of the whole. 

And, indeed, if we conſider how admirable a fitneſs there is in the 

rts of a human body, to thoſe particular ends we can diſcover them 
to have been deſign'd for; it ſeems allowable to conjecture, that ſuch a 
part was not primarily deſign d to ſuch an uſe, if it is, on the account of 

ts ſtructure, or otherwiſe, leſs fitted for it than the conſtant wiſdom of 

nature ſeems to require ; eſpecially if there be any other parts, by which 
the office may be more commodiouſly performed. 24 on the other 
fide, it ſeems probable, that ſuch a part was deſtin'd to ſuch an uſe, if 
the uſe itſelf appear to be neceſſary, and the part better fitted for it tha 
any other. 

Thus, tho anatomical and optical writers, for many ages, unanimouſly 
concluded, the cryſtalline humour to be the principal ſeat of viſion ; yet 
the induſtrious Scheiner juſtly rejects that receiv'd opinion, upon ſhewing, 
that it ſuits not with the skill and providence of nature, that it ſhould be 
ſo, ſince it wants many requiſite qualifications for that purpoſe ; and eſpe- 
cially ſince moſt of theſe are to be found in the retina. And, I remember, 

n asking our famous Harvey, what induced him to think of a circulation 
the blood ; he ſaid, that obſerving the valves in the veins of many parts 
of the body, ſo placed, as to give tree paſlage to the blood towards the 


heart; but to oppoſe the paſſage of the venal blood, the contrary way; he 
Aa 2 imagin'd 
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Pays1cs. imagin'd that ſo provident a cauſe, as nature, had not thus placed ſo many 
V valves without deſign : and as no deſign ſeem'd more probable than that, 


ſince the blood could not well, becauſe of the interpoſing valves, be ſent 
by. the veins, to the limbs, it ſhould be ſent thro” the arteries, and return 
thro” the veins, whoſe valves did not oppoſe its courſe that way. 
Thus, tho” the ancient anatomiſts, and phyſicians, believ'd the parts were 
nouriſhed by the, venal blood; the modern writers teach them to be nou- 
riſhed by the blood, in its paſſage thro' the arteries. Not that they think 
the blood, which runs thro' the -veins, altogether unfit to ſupply the 
parts with that vital liquor; but becauſe they judge the veins to be 
leſs fit for this purpoſe, than the arteries; into the latter whereof the 
blood comes immediately from the left ventricle of the heart, agitated, 
and fpirituous, and, by a brisk impulſe, better ſuited to anſwer this end. 
But the, writings — phyſicians, and anatomiſts, being filled with inſtan- 
ces of this kind, I forbear to mention any more. 


"0D: 85 PRO P. III. pane 
E is rational, from the manifeſt fitneſs of ſome things, to coſmical, or animal 
ends, to infer, that they were thereto ordained by an intelligent agent. 


Care ſeems: to have been taken, that the body of an animal ſhould be 
provided not only with all things that are ordinarily neceſſary, and con- 
venient; but with ſome ſuper-abundant proviſion againſt accidents. Thus, 
tho a man may live, and propagate his ſpecies, aſter the loſs of an eye; 
yet nature — us with two, that, in caſe one be deſtroy d, the other 
may ſuffice for viſion. And the like may be faid of the ears. In ſhort, 
nature has furniſh'd men with double parts of the ſame kind, where it 
is highly uſeful, and may be permitted, without prejudice, to the reſt of 
the body. And this is the more confiderable; — in other parts, 
nature _ to husband things ſo, as to avoid doing what is ſuper- 
fluous. Thus, within the skull, ſome veſſels, that would, in other parts 
of the body, have double coats, are very thin; the skull being ordinarily 
ſufficient to defend them from external injuries. 

Another argument, that nature acts with deſign, about animals, may 
be drawn from what anatomiſts obſerve of thoſe parts of the womb, or 
the fetus, that are to be found bur at certain times, when there is need 
of them ; and not at others, when they would be uſeleſs. 'Thus, when a 
woman is with child, the Vaſa umbilicalia are produced to be canals, ei- 
ther for the blood, or alimental juice, and ſpirits, that then ought to 
paſs between the womb and the fetus, by means of the placenta. And 
tho, as long as the child continues in the womb, theſe temporary parts 
continue with him; yet, as ſoon as he comes into the world, the umbili- 
cal veſſels, particularly the two arteries, and the vein, together with the 
membranes they are wrapp'd up -in, with the chorion, and the amnios, 
1 the fetus, are thrown off, as unneceſſary; and expell'd in the 

er- birth; there remaining only that part of the umbilical veſſels — 

| es 
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did not, before-hand, deftine both the one and the other, to concur to 


provide for their future neceſſities, or to catch their prey. 
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lies within the child's abdomen, between the navel and the liver; where Paystcs. 
its uſe is conſiderable, tho' new; for it ſerves now no longer to convey LFVYN þ 
blood, or an alimental liquor, to and fro, but degenerates into a liga- 
ment. 

Thus, alſo, the Foramen ovale, gives paſſage to the blood from the 
right ventricle of the heart to the left, thar the circulation of it may be 
maintain'd ; for it cannot in the embryo, as in a born child, paſs thro? 
the veſſels of the lungs, from one of the ventricles to the other : whence 
this contrivance ſeems to be an expedient that nature employs, till the 
fcetus is excluded; when that temporary conformation is obliterated. For 
the child, now breathing the free air, is in a condition to make the blood 
circulate thro? the pulmonic veſſels, according to the primary intention of 
nature. From which, and the like inſtances, we may infer, that theſe 
temporary parts were framed by a fore-knowing, as well as a deſigning 
agent; who intended they ſhould ſerve for ſuch a purpoſe, and then be 
laid aſide: for tis uttterly improbable, that an undeſigning agent ſhould 
ſo appoſitely, and exquiſitely, frame ſcaffolds for a future building, if he 


the ſame ultimate effect. | 
Another argument, for our preſent purpoſe, may be drawn from the 
conſideration of what, in animals, is commonly call'd inſtin : which, in 
ſome caſes, more directly regards the welfare of the creature; in others, 
the propagation of the ſpecies ; and, ſometimes again, reſpects both. The 
writers of voyages, and natural hiſtory, ' recount ſtrange inſtances of the 
inſtinct obſervable in certain animals. "Bis we need not lay the ſtreſs of 
our argument upon dubious, or ſuſpected relations; ſince what I have 
met with, in authors of good authority, or - receiv'd from the mouths of 
credible travellers, may ſerve my preſent turn ; eſpecially, if we may take 
the word inſtinct in a latitude, ſo as to comprize thoſe untaught methods, 
and expedients, that are made uſe of by ſome animals, to avoid dangers, 


Surprizing 1 are related, not only by poets, but by more credible 
writers, about the ſagacity and government of bees; in point, both of 
ceconomy, and politics. But tho I ſhall not build any thing upon ſuſ- 
pected authorities, yet, — long kept a tranſparent hive, and thereby. 
gained the opportunity to make frequent obſervations of the actions of 
theſe little animals; 1 confeſs, I diſcover'd ſome things that I did not 
believe before: which induced me to look upon them, as very fit inſtances 
of creatures endow d with natural inſtinct Pa, onaticy dh For, 'twere hard 
for a mathematician, in contriving ſo many cells as bees make in the area 


| 


1 
|} 
| 


of one of their combs, to husband ſo little ſpace more skilfully than theſe iu 


animals. And they not only carefully, and ſeaſonably, lay up their ho- {1 


ney, to ſerve them all the winter ; but, curiouſly, cloſe the particular 
cells with covers of wax, that keep the included liquor from ſpilling, and 
from external injuries. I do not here mention the prognoſtication of 
weather that may be made in the morning, by their keeping within Ne 

ves, 


2 


—_ ws Cauſes of Natural Things. 


Paysrcs. hives, or flying early abroad, to furniſh themſelyes with wax, or honey; 
or, by their unexpected return before a ſtorm : becauſe, I ſuſpect, that 

theſe things are not ſo much the effects of inſtinct, as of a tenderneſs, and 
quickneſs of ſenſe ; ſomething analogous whereto, may be ſeen in a 
weather-glaſs; and is, alſo, to be found in many wounded, and valetu- 
dinary perſons, who are affected with ſuch beginning alterations in the 
air, as other men perceive not. But, among the peculiarities to be ob- 
ſerv'd in the conduct of bees; tis very remarkable, that, after a fight, 
they take up the dead which lay on the ground, and, as I have obſerv'd, 
fly away with them far from their hive. 

Another obvious inſtance of the inſtinct that nature has given to ſome 
deſpicable inſets, may be taken from ants. For, tis known, that theſe 
little creatures do, in the ſummer, hoard up grains of corn againſt the 
winter. And their ſagacity is the more ts rv if it be true, what 
many learned men affirm, that they eat off the germen of the grains they 
lay up, left the moiſture of the earth, expoſed to the rains, ſhould make 
them ſprout. But, whatever become of this tradition, theſe inſets perform 
— actions, greatly reſembling thoſe proceeding from ſagacity and 
in a 

The natural skill of ſpiders, in weaving their webs, that are ſo fitly 
contrived, both to catch their prey, and give them immediate notice of its 
being caught, is a thing which, if it were not familiar, would be look d 
upon as admirable. And this skill is not, as ſome imagine, an effect of 
imitating their parents; for if the gs be taken away, and encloſed in a 
glaſs; when they come to be hk d by the heat of the ſun, the little 
creatures will, immediately, fall to ſpinning in the glaſs itſelf; as was re- 
lated to me by an eminent mathematician, who made the experiment. 
And I ſaw the leſs reaſon to diſtruſt it, becauſe having, by an external 
heat, hatch d many eggs of ſilk- worms, in a place where there had not 
been any of a long time before, nor, probably, ever, till then; yet the 
worms, produced by theſe eggs, did, in autumn, of their own accord, 
climb up to ſuch convenient places as I had prepared for them, and there 
weave thoſe curious oyal priſons, wherein they encloſe themſelves, and 
which are unravel'd into extremely fine filk. 

Bur this provident induftry is not confined to inſets, for tis to be 
found in many of the greater animals; particularly in the beaver ; a 
creature whereof, indeed, many fabulous ſtories are related: yet ſober, 
and judicious perſons, who were either born, or lived in New-England, 
where theſe animals abound, have aſſured me, that the beavers, with 
their ſharp teeth, cut pieces of wood, and fit them to their purpoſe ; that, 
by joining their labours, they lay theſe together, ſo as to build themſelves 
ſtrong winter-houſes ; in which there is, ſometimes, a kind of ſecond 
ſtory for the inhabitants to retire to, when the water chances to overflow; 
that, for theſe houſes, they chuſe a very convenient ſituation, juſt b 
ſome river, or other water, that can furniſh them with fiſh; and that 
the hole belonging to each houſe, is placed juſt by the water, — 
. N y 
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they may, immediately, flounce into it, and fo ſave themſelves, when their Paysics. 
houſes are attack d. And, to facilitate their ſwimming, and the catching LVL "i 
of their prey in the water ; nature has given them two feet, not made vl 
like thoſe of dogs, or cats, or in the manner of their other two ; but fur- 
niſh'd with broad membranes betwixt their toes, like the feet of geeſe, 
ducks, and other aquatic animals, that are to uſe them as oars, to thruſt 
away the water, and facilitate their motions. 

The various arts employ'd by animals of different kinds, about the ma- 
terials, the conſtruction, and the ſituation of their neſts, is uſually re- 
markable, and, ſometimes, wonderful. Of this skill, we have many emi- 
nent inſtances ; but tis particularly remarkable, that, in countries 
abounding with apes and monkeys, creatures very greedy of birds eggs, 
there is a ſort of bird, whoſe eggs they, peculiarly, affect, that ha 
their neſts near the end of ſome long flexible branches, which reac 
over the water; and, by that means, avoid their enemies, who cannor 
ſwim. 

In the neſts of waſps, which they often, for ter ſecurity, make 
under ground ; I have obſery'd a yery curious, — artificial ſtructure, 
to conceal, and ſhelter their young ones, till they are ready to fly. 

But the inſtin& that nature has planted in animals, for their own pre- 
ſervation, is much inferior to that providence ſhe has furniſhed them with, 
for the propagation of their ſpecies. _ 

There are many remarkable things to be met with im the neſts of ſeye- 
ral birds, both as to the materials, the ſtructure, and the ſituation of the 
places wherein they are built. I have ſeen neſts, and, particularly, ſome 
made in the Indies, which would raiſe a man's wonder how the birds 
ſhould find ſuch odd, but commodious materials to build with. "There 
are birds in the eaſt, which make their neſts of a white ſubſtance, that 
looks almoſt like ifing-glaſs, diſſoluble in liquors, and ſo very well taſted, 
that it makes the chief ſauce uſed in the — parts of India. The 
ſtructure, alſo, of the neſts of ſeveral birds, both as to their figure, mag- 
nitude, and accommodations, wherewith they are furniſh'd, for warmth 
and ſoftneſs, may deſerve the applauſe of mathematicians ; eſpecially if it 
be conſider d, that theſe little untaught architects had no tools to make 
their curious buildings with, except their bills and feet. Much more fore- 
ſight, however, appears in the ſituation of the place, that ſome birds make 
choice of, to build their neſts in; as may be obſerv'd, not only in the pen- 
dulous neſts of ſwallows, and the ſecret ones of ſome European birds; 
but very conſpicuouſly in the hanging neſts that we lately mention d, to be 
ſo oddly placed by ſome birds, to ſecure their eggs from apes and monkeys; 
and by the ſituation of the neſts uſed for ſauce as we juſt now re 
lated, to be found only upon high and ſteep rocks: which are ſo faſten'd 
to the concave parts of them, that look downwards, and, commonly, 
hang directly over the ſea; that there is no getting them, without much 
trouble, and danger: upon which account, as well as that of their deli- 
cacy, they are very dear, even in the Eaſt-Indies, where they are * 
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The like care to contrive their neſts advantageouſly, and make them in 
ſecure places, is viſible in inſects; as may be obſervd in the ſubterraneal 
neſts ot the waſps, formerly mention'd, and in the eggs of ſnails, which 
I have ſometimes found hid under-ground ; and have hatch'd in glaſſes 
furniſhed with the ſame earth wherein they were found. 

If I ſhould here ſer to view the ſeveral effects and arguments of the 
wonderful providence, that the moſt wiſe author of nature exerciſes 
about the propagation of animals, by diſtinguiſhing them into male and 


female; by furniſhing both ſexes with mutual appetites and organs exqui- 


ſitely adapted to the increaſe of their kind ; by the admirable formation of 
the foetus in the womb, without the female's knowing how it is per- 
form'd ; by the ſtrange ſubtilties and courage, that ſeveral creatures, either 
dviparous or viviparous, have, to hide and defend their young; by the 
full proviſion that is made for the nouriſhment of the foetus, and the wel- 
fare of the female after ſhe has brought forth; and the like : I might much 
enrich and adorn my argument. But inſtead of purſuing a ſpeculation, 
that would lead me too far, I ſhall look back upon the intimation I lately 

ve, that even thoſe meaner parts of animals, which ſeem to have. been 
ed with the leaſt care and contrivance, are yet worthy of their author. 
For tho” the teeth be ſome of the leaſt elaborate parts of the human body, 
yet even theſe afford numerous phenomena applicable to our preſent pur- 
poſe : but I ſhall only tranſiently conſider a few of them. 

And firſt, *tis remarkable, that tho* when a man comes to his full 
ſtature, all the other bones of the body ceaſe to grow, the teeth continue 
to increaſe, in length, during his whole life. This groueh of the teeth 
appears not only by their continuing for many years of the ſame length, but 
by the unſightly ſhooting of one tooth, when that which was oppoſite to 
it in the other jaw is wanting; whence it has liberty to ſprout without 
oppoſition. Of this difference in point of groweh betwixt the teeth and 
other bones of the body, what reaſon can be ſo properly aflign'd, as its 
being intended to repair the daily waſte of ſubſtance, proceeding from the 
frequent attritions of the upper and lower jaw in maſtication ? 

2. Thoꝰ the bones of the body are generally inveſted with a very thin 
fenfible membrane call'd. Perioſteum; that part of each tooth, which is not 
cover d by the gums, wants it; which would be ſubje& to very frequent 

and painful compreſſions and lacerations. | | 

3. To enable the teeth to break and make comminutions of the more 
ſolid kind of aliment, nature has providently framed them of a cloſer and 
harder ſubſtance than almoſt any other bones in the body; tho theſe are ſo 
numerous, that anatomiſts reckon above three hundred of them. And I 
have met with it in authors of good credit, that ſome mens teeth have 
born. ſo hard, as, when ſtruck againſt another fit body, to produce ſparks 
of fire. | 

4- That theſe bones, whoſe uſe; is ſo great, may themſelves be conti- 


© nally nouriſh'd and ſupplied ; tho'they are ſet in bone, the wiſe author 


of thungs has admirably contriv'd a cavity on each ſide of the jaw-bone, 


wherein 
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wherein are lodg'd an artery, a vein, and a nerve; which, thro' leſſer Phxsics. 
WYNS 


cavities, ſend their twigs to each particular tooth. | 
5. As infants are deſign'd, by nature, to feed, for a conſiderable time, on 


milk, they remain long without teeth ; whilft ſeveral animals, which are 
oſten early reduced to ſeek aliment, that is neither fluid nor ſoft, come 
into the world with teeth already form'd in their jaws. | 

6. The bony ſubſtance. appointed for the comminution of the aliment, 
ought not, for ſeveral reaſons, to be in either jaw entire, or all of one piece; 
and therefore nature has providently made, for that uſe, a competent num- 
ber ef diſtinct bones in either jaw. And becauſe men may have occaſion to 
feed often upon very different ſorts of aliment ; and becauſe uſually the 
ſame aliment may require different preparations in the mouth, to facili- 
rate the digeſtion cf it in the — nature has provided men with two 
rows of teeth, for the moſt part equal in number, and correſponding to 
each other, yet of different ſhapes, He different uſes; the fore-teeth are 
broader, — have a kind of edge, to cut the more yielding ſort of aliment, 
whence they are call'd [xciſores ; others being ſtronger, and more fitly 
ſhaped to tear the tougher fcod, are rerm'd Canini. There is alſo a 
third ſort, whoſe principal office it is to grind the aliment cut or torn 
by the others: and, for this purpoſe, they are made much broader, and 
ſomewhat flattiſh, with their upper ſurfaces uneven and rugged ; that by 
their knobs and little cavities, they may the better retain, grind, commi- 
nute, and mix the aliment ; and for this reaſon they are call'd Molares. 
7. And becauſe the operations to be perform'd by the teeth, often re- 
quire a conſiderable firmneſs and ſtrength, partly in the teeth themſelves, 
and partly in the inſtruments that move the jaw, wherein the lower ſett 
of them is fix'd ; nature has provided the lower, or moveable jaw, with 
ſtrong muſcles, that it may bear forcibly againſt the upper; and has not 
only placed each tooth in a diſtinct cavity of the jaw-bone, as it were in a 
cloſe, ſtrong, and deep ſocket ; but furniſh'd the ſeveral ſorts of teeth 
with hold-faſts, ſuitable to the ftreſs, that, by reaſon of their different 
offices, is to be laid on them. And therefore the Iuciſores and Canini have 
uſually but one root; whilſt the Molares, that on many occaſions are employ d 
to break hard bodies before they can be ground, are furniſhed with three 
roots, and often with four, in the upper jaw, whoſe ſubſtance is ſome what 
ſofter, and whoſe grinders ſerve as ſo many little anvils for thoſe of the 
lower to ftrike or preſs againſt. 

If it ſhall be ſaid, that allowing, tho' man is indeed advantageouſly furniſh'd 
with teeth, yet there are many other animals, ſome whereof have not near 
ſo many teeth, nor ſo commodiouſly ſhaped and placed as his; others, 
that are not furniſh'd with any teeth at all; and that ſeveral animals 
have ſome of their other parts leſs convenient in their kind, or are 
not otherwiſe near ſo well provided for as they would be, if they were 
not rather the productions of chance, than of an intelligent and deſigning 
agent: I muſt declare, that many particulars might be farther alledg d, to 
ſhew the final cauſes of things corporeal, as the conſideration of them leads 
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Pursics. to a high veneration of their divine author; and to manifeſt, that when 
his providence is deny d or condemn'd, tis for want of due conſideration. 
ut I haye already, in great meaſure, prevented myſelf in the anſwering 
this objection, by obviating ſome exceptions relating to the eyes of man 
and other animals. For the conſiderations that have been alledg'd to that 
purpoſe, may, mutatis mutandis, be applied to the varieties to be found in 
the teeth, and other parts, of different kinds of creatures. 

Tis known, that oxen, ſheep, Cc. are not furniſh'd with near ſo many 
teeth as men, horſes, dogs, Oc. But this defect, if it be any, is ſupplied 
partly by the power and inſtinct they have to chew the cud, and thereby 
make a ſecond attrition of the aliment, that is already greatly ſoften'd ; 
and partly by the ſucceſſive cavities, or ftomachs, thro' which that aliment 
is tranſmitted, and by that means elaborated and fitted for further uſes. 
The beaver, the tortoiſe, the bee, and the humming-bird, which ſucks 
the exudations of flowers with his little long bill, like the bee, and many 
other animals, have their mouths, and their ways of preparing their ali- 
ment for the ſtomach, very different from what is obſery'd in men; and 
yet each reſpectively very convenient; all circumſtances conſider d. 

Theſe, and the like expedients, are in many animals ſuch as afford 
no cauſe of taxing the author of nature, for not having given ſome of them 
all the ſame parts where with others are furniſh'd ; but rather, the provi- 
denee and wiſdom of God, in the contrivance of his viſible works, may be 
as well diſcover d by the ſeeming omiſſion of this or that part, uſeful to other 
animals, but unneceſſary to thoſe wherein it is not found; as by granting 
thoſe parts to fuch animals, whoſe compleatneſs or welfare they are ne- 
ceflary or highly conducive to: and therefore tis not ſtrange, that he has 
not given to men, and many ſorts of birds, ſuch tough, tranſparent, and 
moveable membranes, as frogs are provided with, to defend their eyes 
from ſuch accidents as the others are not uſually expoſed to. | 

Bats are eſteem'd a contemptible ſort of creature, yet they may afford us 
a conſiderable argument to our preſent purpoſe. For we have here an ani- 
mal that flies like a bird, tho it wants feathers, and has a fabric quite 
different from that of birds. And here too, we may obſerve the compen- 
ſation that is made for parts that ſeem either deficient, or leſs advan- 
tageous, than thoſe of the ſame denomination in other birds; as alſo the 
regard which the divine artiſt appears to have to the ſymmetry of parts 
in bis animated works, and to their fitneſs to the places they are to fre- 
quent. For the bat being to act ſometimes like a bird, and on ſome occa- 
ſions like a terreſtrial animal, or mouſe, he ought to be furniſh'd with parts 
ſuitable to ſuch different deſigns : and, therefore, the want of feathers in 
his wings is ſupplied with a broad membranous expanſion, and a kind of 
toes furniſh'd with articulations. And becauſe this animal was to forbear 
ſertling on the ground, otherwiſe than his occaſions required, each of his 
wings is furniſh'd with a ſtrong crook, like the claw of a bird's foot ; by 


the help of which, he can faſten to trees, walls, &c. and there keep him- 
ſelf at what diſtance he pleaſes from the ground. And as he is 3 
| wit 
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with teeth, which other birds want, to chew his food, and thereby pre- Purstes. 
pare it for digeſtion ; he needs no crop, or ſuch a ſtrong muſcular ſto- . 


mach, as is uſually found in birds. 

In ſhort, to omit the peculiar ſtructure of other internal parts, wherein 
the bat differs from other birds; ſince the female was not, like them, to 
be oviparous ; but, like mice, and other quadrupeds, to bring forth her 
young ones alive ; ſhe is not only furniſhed with an uterus, fitted for that 
purpole ; but, in regard ſhe does not exclude, together with the fœtus, a 
competent ſtock of aliment, to nouriſh it, till it can ſhift for it ſelf ; the 
bat 1s furniſhed with teats togive ſuck : and 'tis obſery'd, that as ſhe has 
but two of theſe, ſo ſhe brings forth but two young ones at a time ; while 
mice are much more prolific. | 

The writers of natural hiſtory, and travellers, afford numerous inſtan- 
ces of the various, and excellent contrivances, that are to be found in ani- 
mals differing from man, in the fabric of the mouth, and other parts, ſub- 
ſervient to the preparation and digeſtion of their aliment. | 

But, to be ſilent, as to the mouths of tortoiſes, camelions, Cc. the 
hardneſs of whoſe gums, with regard to their aliment, ſupplies the want 
of teeth, there is an American beaff which ſerves as a notable inſtance, to 
manifeſt how the wiſe architect can compenſate the want of teeth, by 
the rare ſtructure of the mouth and tongue; and their fitneſs to ſeize, and 
make uſe of that aliment, which, tho* uncommon for a beaſt of his bulk, 
he ſeems to have been deſtined to live upon. The animals of this kind 
are, by Hernaudus, call'd, Achoas, and Tamendeas; and, of theſe, he ſays, 
© they are quadrupeds, about the ſize of lambs, whoſe bellies almoſt 
touch the ground; that they have no teeth at all, but live upon ants ; 
© whoſe hillocks they turn up with the two large claws they have fixed 
© to their fore- feet, and then thruſting out their long rough, cylindrical 
tongue, they roll it upon as many as they can, and ſo draw them into 
© their mouth, which is exceeding narrow. Piſo adds, that © their 
tongue, which is ſometimes two feet in length, lies doubled up in a 
* cavity, between the ſides of the lower jaws ; which, in order to catch 
their prey, they thruſt into the trunks of trees, and there ſuffer it to 
continue, with a moiſture upon it, till cover'd with ants ; and then ſud- 
* denly draw them with it into their mouths. ” 

"Tis alſo to be conſider d, that many things may be uſeful, in an or- 
— part, beſides thoſe whereby its office is primarily and chiefly per- 

orm'd. Thus, tho the eye-lids, and their motions, together with the little 
glands that belong to them, are not at all neceſſary to the act of viſion ; 
yet they are to the compleatneſs, and welfare of the eye: as is maniteſt 
by the pain and prejudice that organ receives, if the eye-lids be conſide- 
rably diſorder d. 

But, beſides thoſe uſes of the parts of a human body, which I call ana- 
tomical, becauſe they are ſuch as anatomiſts have diſcover'd, by mere 
diſſection; there may be {eyeral others, which I term chymical, becaule 
theſe parts prepare ſpirits of ſbreral ores, and, perhaps, perform other 
| : opera- 
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Paysrcs. operations, very important, if not neceſſary, to the welfare of a living 
man. 


And there may ſtill be other uſes, very proper to be conſider d, in ſome 
parts of a human body; as the mechanical advantages, for which the 
various ſhapes, and ſtructures of different muſcles, the ſeeming irre- 
gular fabric of the bones, and, eſpecially, of the proceſſes, and pro- 
tuberances, are admirably fitted. And, in ſome parts, too, there are 
peculiar ones; as for inſtance, optical ones in the eyes; which muſt be 
conſider d, before the deſign of nature therein, can, without raſhneſs, be 
cenſured. | | 4 

Thus, tho* the figure of the cryſtalline humour, be much more ſphe- 
rical in moſt fiſh, than in men, and other terreſtrial animals; yet he 
who underſtands the doctrine of refractions, and conſiders, that fiſh un- 
der water, are to ſee thro' a far thicker medium than air, will readily ac- 


knowledge, that this difference between their eyes, and thoſe of men, is 


nor an imperfection in the former; but, whilſt thoſe creatures are in their 
own element, a great advantage. 

And, to be ſhort, I think Tere are ſo many ſciences, and other parts 
of knowledge, ſome of them, perhaps, ſcarce yet diſcover d, that may be 
requiſite to warrant a man in cenſuring the ends of God, in the bodies of 
animals; that — few men are qualified to condemn them juſtly ; and 
thoſe who have knowledge enough to judge right, will not be forward 
to condemn, but admire them. Thus men may eaſily be too raſh, in think- 
ing a part inartificially framed, upon ſuppoſition, that by the anatomical 
diſſection of it, they all the uſes whereto the skill of the divine ar- 
rift could deſign it. 

And, it will not neceſſarily follow, that becauſe in ſome particular bird, or 
beaſt, or fiſh, we are unable to ſay why this, or that part is not to be found; 
or why it is otherwiſe framed, or ſituated, than that which is analogous 
thereto in man; it muſt, therefore, be caſually, or undeſignedly framed, or 
placed: ſince we cannot expect from brute animals, anſwers to thoſe pro- 
per queſtions about their own bodies, which we can receive from men 
about theirs. Nay, notwithſtanding the great diligence, with which the 
more curious phyſicians are obliged to cultivate anatomy, and the fre- 
quent opportunities they have to do it, and to inquire of living men about 
what they obſerve, ink feel, when the natural uſe of their parts is hin- 
der'd, or perverted ; yet we are, to this day, at a loſs, as to the true uſes 
of the viſible parts of the body; to ſay nothing of the inviſible ones. So 
that tis no wonder, if, in animals, whoſe fabric we have much leſs con- 
cern to 1nquire into, and much leſs opportunity to examine, we, ſometimes, 
find parts, of whoſe uſes and fitneſs, men are, hitherto, unable to give a 
fatisfatory account. For even in man, himſelf, tho* there be numerous 
valves found in his veins, yet, for thoſe many ages, that the true uſes of 
them were unknown, an Epicurean phyſician ors have thought he had 
reaſon to look upon them as ſuperfluous parts; which, ſince the circula- 
tion of the blood is diſcover d, are acknowledg'd of the greateſt _ 4 
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And, ſince God is both a 'moſt free, and a moſt wiſe agent, it need Physics. 


not ſeem ſtrange, that he ſhould adorn ſome animals with parts, or qua- W WNg. 


lities, that are not neceſſary to their welfare, but that ſeem deſign'd for 
their beauty; ſuch as the diſpoſition of the camelion to change his colour; 
and the lovely green, blue, yellow, and orher vivid colours, that adorn 
ſome ſorts. of pigeons, parrots, and the ſmaller birds ; and eſpecially, 
that admirable little creature, the humming-bird. 

On the other ſide, God's wiſdom ſometimes ſeems to be provident, and 
ſollicitous, not to beſtow on an animal, or a part of it, more than is neceſſa- 

for the uſe whereto either is delign'd. Thus the veins are, by anatomiſts, 
obſerv'd to have but one coat, — uſually to lie more expoſed than the 
arteries that accompany them, which have ſtronger, and double coats, be- 


cauſe they are to convey a more important liquor; which liquor, beſides 


that tis more agitated, and ſpirituous, is wang impell'd into them, by 
the ſtrong na contraction of the heart. nd, tis obſervable, that 
tho the nerves uſually lie deep, to be kept both ſafe and warm; being very 
liable ro be offended both by cold, and the contact of external bodies; 
yet, as tis neceſſary that the optic nerve:ſhould expand itſelf into the eye; 
the membranes which inveſt that nerve, and other coats of the eye, except the 
retina, are made vaſtly more firm than the Dura, and the Pia mater, whence 
they proceed ; and tho' expoſed to the free air, are leſs ſenſible of the cold, 


than moſt parts of the y; and will bear, without danger, ſeveral li- 
quors, and other offenſive things, whoſe-pungency would put other nerves 


of the body into convulſive motions. 

This conduct makes it ſeem, as if God, like an excellent writing-maſter; 
did, in the-great volume of his creatures, intend to beſtow on ſome of them, 
things rather ornamental, than neceſſary, as flouriſhes on the capital 
letters of nature; and ſometimes to employ characters of different ſhapes, 
to ſtand for the ſame letters; and ſometimes, alſo, to employ abbrevia- 
tions; to expreſs, in ſhort, that which might be very juſtifiable, had it been 
more fully delineated. | 

And, if we allow, as tis very probable,” that God deſign'd, by the 
great variety of his works, to diſplay to his intelligent creatures, the 
great abundance of his wiſdom ; tis obvious, that much of the variety, 
obſervable in the analogous parts of animals, may be very conducive to 
ſo comprehenſive a view; whereto the beauty of ſome creatures, and parts, 
as well as their more neceſſary, or convenient ſtructure, may be ſubſer- 
vient: eſpecially if the innocent delight of man be alſo intended; as it ſeems 
to be, in the curious colours, and ſhapes of ſeveral flowers; in the melo- 


dious muſic of birds; and, in the vivid, and curiouſly e colours of 
e 


the feathers of ſeveral winged animals ; particularly thoſe that make. up. 


the —— train. 
"Tis worth our obſerving, that we are not near ſuch competent judges: 


of wiſdom, as of juſtice and veracity : which are eſtimated by eternal and. 
fixed bounds, or rules, very intelligible to a moderate underſtanding. But, 
as for wiſdom, the more prcfound it is, the leſs we are | able - to look 
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Parsres. thro' it, penetrate to the bottom of it, and judge knowingly of its 


WIYN ations. And therefore, tho“ we may ſafely conclude, that God acts 
wiſely, when he does any thing that has an admirable tendency to thoſe 
ends, we juſtly ſuppoſe him to have deſign d; yet we cannot a 
clude in the negative, that this, or that, is unwiſe, becauſe we do not diſ- 
cern a wiſe tendency therein. For ſo wiſe an agent may have other de- 


fely con- 


ſigns than we know of, and further aims than we can diſcern, or ſuſpect; 
and may have at hand, or furniſh himſelf with ſuch means to compaſs his 
ends, and that even by the co-operation of what we think uſeleſs, or 
improper, as are far above the reach of our conjectures; and without 
the knowledge of which, we raſhly cenſure the wiſdom of his proceed- 
.ings. 
In the double horizontal dial, formerly mention'd, it would be raſh 
.of any to condemn, -or deſpiſe, the various lines they find traced upon that 
uſeful inſtrument, becauſe they ſee they are not neceflary to ſhew the 
hour of the day; ſince the mathematician, who drew thoſe lines, may be 
well ſuppoſed to have more ends than one; or two, in making the inſtru- 
-ment ; and not to have drawn them by chance, or unskilfully, tho' the in- 
conſiderate cenſurers do not know for what other, or farther purpoſes, 
the artiſt may have deſign'd them. | | | 
Suppoſe ſome Zadian fiſherman, unacquainted with European arts and 
affairs, ſhould come on board a man of war, under ſail; he would quick- 
ly perceive, by the uſe made af the tackling, that this floating build- 
ing was very artificially contrived ; yet, if he ſhould fix his eyes upon one 
of the guns, or the anchors, and perceive that no uſe was made, or 
likely to be made of them, in ſailing, he would be ſtrongly tempted to 
think, that thoſe heavy maſſes were uſeleſs clogs, and burdens to the 
veſſel. | But if he were told the neceſſity, and uſefulneſs of the guns, for 
defence; and of the anchors, to ftay the ſhip in ſtorms ; he would pre- 
ſently alter his mind, and confeſs, that he had blamed the contrivers for 
that, which nothing but his ignorance kept him from commending. 

I have dwelt the longer on this third propoſition, becauſe I think it a 


duty, that our reaſon owes to its author, to endeavour to vindicate his 


manifold wiſdom, in this libertine age; wherein too many, who have 
more wit than philoſophy, labour upon Epicurean, and ſome even upon 
Carteſan principles, to depreciate the wiſdom of God; whilſt others pre- 
fame to cenſure his contrivances, in the bodies of animals. | 

I had alſo a deſire, that the reader ſhould not barely obſerve the wiſ- 
dom of God, but actually be convinc d of it. To which purpoſe, in my 
opinion, tis very conducive, if not neceſſary, beſides general notions, to 
obſerve, with attention, ſome particular inſtances of the divine skill, where- 
in it is conſpicuouſly diſplay d. Tis true, that in the idea of a Being 


infinitely perfect, boundleſs wiſdom is one of the attributes inclu- 
ded : but, for my part, I am of opinion, that this general and indefinite 
idea of the divine wiſdom, will not give us ſo great a veneration for it, 
as may be produced in our minds, by knowing, and conſidering the admi- 
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rable contrivances of the particular productions thereof; and their exqui- Pyyscs. | 


ſite — for thoſe ends and uſes, to which they appear to have been 
defign'd. 


| PROP. IV. 
We ought not to be haſty in concluding upon the particular uſe. of a thing, or the 
motive which induced the author of nature to frame it in a peculiar manner. 


It has been already ſhewn, that ſome parts are ſo excellently, and ma- 
nifeſtly fitted for a certain uſe, and ſo much better adapted to that, than 
to any other; as to make it ſeem perverſe, to doubt of its being deſign'd 
thereto. But the like cannot be ſaid, in general, of all the parts of the 
body ; = pan; of the internal. There are many uſes, either neceſſary, 
or highly conducive to the welfare- of the animal, that have no part ſo 
much more conſpicuouſly fitted for them than another, as to leave it eaf 
to determine the true, and primary offices thereof; eſpecially, with 10 
much certainty, as thereon to ground philoſophical inferences. And, of 
this difficulty, I conceive, there may be four reaſons ; tho” they do not all 
occur in each particular caſe. 


And, firſt, the whole animal itſelf, that we conſider, is a part of the- 
univerſe ; and, therefore, cannot well be ſuppoſed to have been framed, . 
and farniſh'd with the parts it conſiſts of, merely for its own ſake. And, . 


when we ſay, that all its parts are contriv'd to the beſt advantage to the 


animal; I conceive, this is to be ſo underſtood, in a limited ſenſe ; that 


the parts are excellently framed for the welfare of the animal, as far as 
that welfare is conſiſtent with the general ends of the author of nature, in 


the conſtitution, and government of the univerſe; which ends, becauſe 


they relate to the whole world, I call cefmical.. It has not, indeed, been 


prov'd, that none of theſe coſmical ends are diſcoverable by us: however, 


to diſcover them all, is no eaſy task. Yer, it ſeems preſumptuous to ſup- 
poſe, that the welfare of particular animals is any farther deſign'd, and 


provided for, than will conſiſt with the coſmical ends of the univerſe, and 
the courſe of God's general providence ; to which his particular providence- 
ought, in reaſon, to be ſubordinate. And, tho* it ſeems -_ raſhnefs- 


in men, to determine poſitively, and excluſively of others, what ends the 
omniſcient creator propoſed to himſelf, in giving to the world its evans 


frame; yet, as far as I can hitherto difcern, I ſee-nothing more likely to 


have been one grand motive of ſo great a variety, as we obſerve in his 
corporeal works, eſpecially in animals, than that he might, by ſo many 


very different contrivances as are to be met with in the ſtructure of men, 
quadrupeds, birds, fiſh, reptils, &c. exerciſe and diſplay his manifold 


wiſdom. As man, even upon account of his body, is acknowledg'd the 
moſt perfect of animals; if God had barely deſign'd to give every crea- 


ture the moſt advantageous ſtructure, it ſeems, that he ſhould have made 
no. other animals than men. But, then, there could not have been that 


diverſity of contrivance among living automata, which ſo. greatly recom- 


mends 


1. 
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Paysics. mends the wiſdom of him, who could frame ſo many, and ſo differin 
LHVYNY animals ; tho' not all equally perfect, yet all admirably furniſh'd for thote 
purpoſes to which he deſign'd them. Ir does not, therefore, argue any 
Want of providence, that he has not furniſh'd man with wings, 5 

feet, and birds with fins and ſcales; becauſe theſe parts would have 


ſn with 


been either ſuperfluous, or burdenſom, or unſuitable to his deſign of fit- 


ting ſome animals to live on the earth, and others in water : and if he 
deſign'd any to inhabit both, he furniſhes them with parts of a peculiar 


ſtructure ; as was formerly noted of the beaver. Were it not for this 


- conſideration, it would be hard to affign the reaſon why vegetables are 


not the food of all animals; but that ſome ſhould be carnivorous, and 


Hurniſh'd with appetites, and organs, to devour others, and live, as 
birds and beaſts of prey, upon the weaker. And 'twill be hard to 
ſhew, why, even in animals of the ſame kind, the ſafety of ſome ſhould 


be ſo much better provided for than that of others; -as we ſee ſome 
ants, and glow-worms, furniſh'd with wings, and others not. And, 
even in our own ſpecies, thoſe of the female ſex are not ſo happily 
framed, in order to their own welfare, as males; ſince the uterus, Cc. 
which are not neceſſary to the good of individuals, but to the propagation 
of the ſpecies, ſubject that tender ſex to a ſett of diſeaſes peculiar to them. 
So that men may, ſometimes, miſtake, when they peremptorily conclude, 


that this, or that part of an animal, muſt, or cannot have been framed 


for ſuch a particular uſe ; without conſidering the coſmical, primary, 
and over-ruling-ends, that may have been deſign d by nature, in the con- 
ſtruction of the whole animal. | ; 

| 2dly, Men ſometimes, erroneouſly, conclude, that ſuch an office cannot 
belong to ſuch a part, becauſe they think it is not ſo commodiouſly 


framed for it, as might be wiſh'd ; without conſidering, whether the 


ſtructure they propoſe, would not, in ſome other as conſiderable reſpect, 


- oppoſe the welfare of the animal; or, whether it would be conſiſtent with 


e other uſes, deſign d by nature, in that ſort of creature. For, in the 


living works of ſo excellent an architect as nature; it muſt not be ex- 


petted, that any particular end ſhould be proſecuted, to the prejudice of 
the whole: but it muſt rather be ſuppos'd, that ſhe aims, not only at 
particular expedients, but univerſal ſymmetry ; while ſhe excellently fits 


the ſeveral parts for their reſpective offices; tho* only ſo far as a due 
regard to the deſign, and welfare of the whole, will permit. Thus, as 
we before obſerv d, tho' man be allow'd the moſt perfectly framed of any 


animal in the world ; yet his body is not made the model fer nature to 
form the correſpondent parts of other animals by. 'The lungs of a dog, 
a bird, a frog, a viper, &c. are of a ſtructure very different from thoſe 
of man. He is not furniſh'd with fo many ſtomachs as an ox, or a 
ſheep; becauſe nature intended not that he ſhould ruminate like them. 


And tho his gall be lodg'd in a peculiar bag, within the liver; yet twere 
raſh to ſay, that the ſecretion of the bile is none of the uſes of thoſe livers, 
wherein ſuch a cyſtis is not to be met with: ſince, in ſome animals, as 


In 
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in horſes and pigeons, that bitter humour is not uſually, as in man, col- Paystcs. 
lefted into one bag: and tho” it be ſo in vipers; yet, as far as I have. 


obſery'd, the containing cyſtis does not at all touch the liver. 
3dly, "Tis difficult to determine the true and primary uſe of a part; 
becauſe nature often fits one part for ſeveral uſes. 

And, 4thly, it ſometimes increaſes the difficulty, that nature may com- 
paſs the ſame ends by ſeveral means; each of them ſufficiently commo- 
dious. I join theſe two obſervations together, becauſe, in effect, they 
often concur to render it hard to determine the true uſe of a part. Nei- 
ther does nature conſtantly employ only one part to perform a particular 
office; but the deſign d effect is, ſometimes, produced by a ſeries of ſuc- 
ceſſive operations, to which ſeveral parts may differently contribute. 

Neither the mechaniſm of a human body, nor of very conſiderable parts 
thereof, is to be aſſign d from the bare ſtructure of the viſible matter, whe- 
ther ſolid, or fluid, to be found in the veſſels, and cavities of a dead bo- 
dy, skilfully diſſected. For the body of a living man is a very compounded 
engine, many of whoſe functions are perform d, not by the blood, and 
other viſible fluids, barely as they are liquors ; but, partly, by their cir- 
culation, and other motions ; and, partly, by a very agile, and inviſible, 


fort of fluids, call'd ſpirits animal and vital; partly, perhaps, by little 


ſpringy particles; by ſomewhat that may be call'd the vital portion of 
x air; and, by things analogous to local ferments : the important ope- 
rations of all which, ceaſe with life; and the agents themſelves are not to 
be diſcern'd in a dead carcaſs. So that, beſides thoſe manifeſt uſes, which 
the viſible fabric of the engine may ſuggeſt to an anatomiſt; there may be 
chymical uſes of ſome parts, that ſerve for the elaboration of ſpirits, and 
other fluids: which uſes, as we formerly obſerv'd, are not ſuggeſted to 
the anatomiſt, by the inſpection of the ſtructure of the parts; but, to 
diſcern them, may require no ordinary skill in chymical principles, and 
operations. | 

Such conſiderations as theſe, lead me to think it exceeding difficult to 
determine, with any certainty, the principal uſe of many particular parts; 
eſpecially, if other uſes be excluded. It is not enough to ſecure us, that 
we underſtand the chief function, and end, of a part, to know, that it 
is contrived for ſuch a purpoſe ; ſince this fitneſs hinders not, but that 
the primary uſe of the part may be another more conducive to the general 
welfare of the animal, or the coſmical ends of nature. And it 2 not 
to ſeem ſtrange, that ſome pieces of workmanſhip, conſiſting of many 
parts, all of them curiouſly contrived, ſhould, by one learned man, be 
gueſs d to be deſign d for this uſe ; and, by others, for that; while both of 
them may be worthy of the artificer. | 

When ſome very politic prince does a great thing, without declari 
why; the gueſſes of the ſtateſmen are often very different; tho' none o 
them aſcribe to him a deſign unbecoming a wiſe man. So, when a learn- 
ed author expreſſes himſelf ambiguouſly ; one reader interprets his words 
to this ſenſe ; and another, to that: yet both of the ſenſes pitch'd on, 
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Paygics. may fairly agree with the context, and the main ſcope of the writer. This 
I fay, becauſe I would, by no means, diſparage the wiſdom of nature, 
by propoſing the difficulties I have hitherto mentioned; tho', I confeſs, 
that, upon the account of them, and ſome others; I look upon many of 
the arguments that ſeveral authors draw from final cauſes, but as con- 
jectures. And; in many cafes, I allow what is ſuggeſted to me, upon 
the ſuppoſition of the intended uſes of particular parts, rather as proper 
hints to excite, and direct, a more thorough inquiry, than as ſafe grounds 
to build phyſical concluſtons on. | 


. | 
The naturaliſt ſhould not ſuffer the ſearch, or diſcovery, of final cauſes, to 
make him undervalue, or neglect, the inquiry after their efficients, 


*Tis true, to inquire for what purpoſe nature would have particular 
effects produced, is a curioſity worthy of a rational creature. But this 
is not the proper task of a naturaliſt ; whoſe work is not ſo much to diſ- 
cover the manner wherein, as for what reaſon particular effects are pro- 
dnced. Thus, an ignorant ruſtic, in England, knows fomething of a 
watch, if he is able to tell you, that tis an inſtrument made to meaſure 
time; which is more than every American ſavage would be able to ſay; and 
more than thoſe civiliz d Chineſe knew, who wok the firft watch they ſaw for 
a living creature: yet the Engl ruſtic, who knows no more of a watch, 
than that *twas made to ſhew the hour of the day, underſtands but very 
little of the nature of that machine. And, as the two things men aim at 
in phyſics, are to underftand after what manner nature produces the phe- 
nomenon we contemplate z. and, in caſe it be imitable by us, how we 
may, if occaſion requires, produce the like effe&, or come near it; theſe ends 
cannot be attain'd by the bare knowledge of the final cauſes of things, nor 
of the general efficient. But, to anſwer thoſe intentions, we muſt know the, 
particular. efficients, with the manner, and progreſs, of their operating; and 
what diſpoſitions they either find, or produce in the matter they work on. 
Thus, he who would thoroughly underſtand the nature of a watch, muſt 
not reft ſatisfy d with knowing, in general, that a man made it for ſuch 
uſes; but he muſt, particularly, know of what materials the ſpring, the 
wheels, the chain, and the balance are made; he muſt know the num- 
ber of the wheels, their magnitude, ſhape, ſituation, and connexion, in 
the engine; and after what manner one part moves another, in the whole 
ſeries of motions ; from the expanſive endeavour of the ſpring, to the re- 
volutions of the index that points the hours. And much more muſt a 
mechanic know all this, if he means to make a watch himſelf, or to give 
ſufficient inſtructions for it to be made. In ſhort, the neglect of efficient 
eauſes, would render philoſophy uſeleſs 3 but the ſtudious ſearch after 
them, will not prejudice the contemplation of final cauſes. For the wiſe 
author of nature has ſo excellently contriv'd the univerſe, that the more 
clearly, and particularly, we diſcern how ſuitable the means are to = 
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ends ro be obtain'd by them; the more plainly we diſcern the admirable Parts 


c 


wiſdom af the author of things; who is“ wonderful in counſel, and ex- N 


cellent in working.” Nor will the ſufficiency of the intermediate cauſes 
make it needleſs to admit a firſt, and ſupreme cauſe ; ſince that order of 
things, by virtue whereof theſe means become ſyfficient to fuch ends, 
muſt have been, at firſt, inſtiruted by an intelligent cauſe. And if it he 
irrational to aſcribe the excellent fabric of the unjverſe, and the actions 
that have manifeſt tendencies to determinate uſeful ends, to ſo blind a 
cauſe as chance; it will be rather more irrational to aſcribe to chance, the 
firſt formation of the univerſe; of which the preſent ſtate of things is but 
the natural conſequence, or effect. For it may, indeed, be plauſibly ſaid, 
that, in the preſent ſtate of things, the ſeveral parts of the univerſe are, 
by the contrivance of the whole, determin'd, and thereby qualify'd to 
obtain their ends; but it cannot be, rationally, pretended, that, at the 
firſt formation of the world, there was a ſufficiency in the ſenſeleſs ma- 
terials of it, without any particular guidance of a wiſe ſuperintendent, to 
frame bodies which are ſo excellently contriv'd, and fitted to their 
reſpective ends. * 

Upon the whole, it appes ar Nl conſideration of final cauſes, is 
not to be baniſh'd from pataral philotophy's bur that tis rather allowable “, 
and, in ſome caſes, commendable, to 7785 ot the manifeſt uſes of 

DENY ; 


things, that the author of nature pre- ordiin that the ſun, and 
moon, with the other celefhat +8 aq excellently, deelare the power, wiſ- 
dom, and glory of God; and were, ſome of zhetn, among other purpo- 
ſes, made to be ſerviceable to man; that, from the ſuppos'd ends of 
inanimate bodies, whether celeſtial, gr fablunary, tis very unſafe to 
draw arguments, to prove the particular nature of thoſe bodies, or the 
true ſyſtem of the univerſe ; that, as to animals, and the more perfect 
ſort of vegetables, tis warrantable to ſay, particular parts were pre- 
ordained to particular uſes, relating to the welfare of the animal, or 


* Final cauſes are allowable in philo- J“ at others, diminiſh'd, We are not, 
ſophy ; and Sir Iſaac Neuon himſelf, | © therefore, to expect, that the ſame co- 


ſcruples not to aſſign them in the ſtructure 
and contrivance of the univerſe. And of 
this we have a remarkable example in 
his doctrine of comets. © Comets, (ſays 
© that admirable philoſopher) by reaſon 
« of the great number of them, the vaſt 
« diftance of their aphelia from the ſun, 
* and the okderable ſtay they make 
© there, muſt neceſſarily receive ſome di- 
e fturbance from their mutual gravita- 
tions to each other. Whence their ec- 


met ſhall always exactly return in 
« the ſame orbit, at the ſame period 
of time. And hence appears the 
reaſon why comets move not in the 
* zodiac, as the planets do; but ſtray 
« from it, in various motions, to all the 
parts of the heavens : for, in their a- 
„ phelia, where their motion is ſloweſt, 
e they ought to be at the greateſt di- 
© ſtance from one another, that their 
“mutual attractions may be the leſs. 


<* centricities, and times of revolution, | Newton, Princip. p. 480. 
vill ſometimes be a little increas'd, and 
Cc 2 plant 
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Pays1cs. plant itſelf, or to its ſpecies ; but that ſuch arguments _ eaſily de- 
eee, if thoſe who form them are not very cautious to avoid miſtaking, 
among the various ends that nature may have in the contrivance of an 
animal body, and the various ways which ſhe may ſucceſsfully take to 
compaſs the ſame ends; and laſtly, it appears, that a philoſopher, never- 
theleſs, muſt not let the ſearch, or knowledge of final cauſes, make him 
neglect a careful inquiry after efficients. 
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S'E'C'T. 1 


T appears to me, that, among the objects of our reaſon, there are Things above 
ſome, whoſe nature we cannot comprehend ; others, whoſe attri- H, T te 
butes, or actions, we cannot reconcile to the ſubject ; and, laſtly, 

others, that we cannot conceive how they ſhould conſiſt with ſome acknow- 
ledg'd truth: and theſe may be call'd things above reaſon. By which I 
here underſtand, not ſuch things as are falſe, and abſurd ; but ſuch 
as, tho* the underſtanding ſees ſufficient cauſe to aſſent to, yet finds itſelf 
reduced to this aſſent, with a remarkable, and peculiar, diſadvantage. 
And this diſadvantage, uſually, proceeds either — the nature of the 
thing propoſed; which is ſuch, that we cannot, ſufficiently, comprehend 
it; or, from our being unable to conceive the manner of its exiſtence, and 

ration; or, becauſe it involves ſome notion, or propoſition, that we 
ee not how to reconcile with ſome other, which, we are perſuaded, is 
true. The firſt of theſe three ſorts of things, may be call'd incomprehen- 
ſible ; the ſecond, inexplicable ; and the third, unſociable. | 

The firſt conſiſts of thoſe things, whoſe nature is not diſtinctly, and ad- Tscompretenſidle 
equately, comprehenſible by us; to which, perhaps, we may refer all ſuch 
intellectual Beings, if any be granted, as are, by nature, of an higher or- 
der than human ſouls ; at leaſt, we may refer to this head the great au- 
thor of nature. 

The ſecond ſort of things above reaſon, conſiſts of ſuch as, tho* we do not Ta, 
deny to exiſt, yet we cannot clearly, and ſatisfactorily, conceive how they 
can be what we acknowledge they are : as, how matter can be infinitely di- 
viſible ; and how there ſhould be ſuch an incommenſurability betwixt the 
fide, and diagonal, of a ſquare, that the ſmalleſt line cannot, adequately, 
meaſure them both. l The 
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Phrercs. The third fort, are things incumber'd with difficulties, and objections, 
NV that cannot directly, and ſatisfactorily, be removed by thoſe who ac- 
-——_—_ quieſce in the receiv'd rules of inferior ſciences, and reaſon but at the 

| common rate; ſuch objects of contemplation having ſomething belonging 
to them, that appears irreconcilable with ſome very manifeſt, or acknow- 
* truths. T if \ 4 7 | 
Thus, that man has free will, at leaſt with regard to civil matters, is 
the general confeſſion of the ſpecies: all the laws that forbid, and puniſh, 
murder, adultery, theft, and other crimes, being founded upon a ſuppo- 
ſition, that men have a power to forbear committing them: and the ſenſe 
men have of being poſſeſſed of this power over their own actions, is great 
enough to make malefactors acknowledge their puniſhments juſt; being 
condemned by their own conſciences, as well as by their judges. Yet the 
generality of mankind aſcribe ro God an infallible preſcience of human 
actions. .But how a certain fore-knowledge can be had of contingent 
things, and ſuch as depend upon the free-will of man, is that which we 
are unable-clearly to comprehend. And, doubtleſs, *tis hard to conceive, 
how an infinitely — — or, that our will 
ſhould want the liberty we almoſt perpetually exerciſe. 

Again, geometricians teach the diviſibility of quantity ad infinitum, to 
be mathematically demonſtrable. Suppoſe, then, a ſtrait line, of three 
feet long, divided into two parts, the one double to the other; now a 
line of two feet is diyiſible into infinite parts, or it is not; if you ſay it is 
not, you contradict a demonſtration ; if you ſay it is, you muſt confefs, 
either that the line of one foot is diviſible into as many parts as the line 
of two feet; or elſe, that the infinite parts into which the line of one foot 
is granted to be divilible, is exceeded in number by the parts into which 
the line of two feet is diviſible ; and, conſequently, that the line of two 
feet has a multitude of parts, greater than infinite. Which xeaſonung may 
let us ſee, that we may be reduced, either to reject inferences. fairly 
drawn from manifeſted, or granted truths, or to admit cancluſians that 
r abſurd ; if we will have all the common rules, whereby we Judge 

other things, to be applicable to infinites. Hence it is clear, in the 
; neral, that there may be things which ſurpaſs our reaſon ; at leaſt, ſo 
things Shat 7 far, as not to be judg'd of by the meaſures and rules uſed in judging of 

__y occurrences : for which reaſon, I ſhall call them privileg'd 
things. as 
The imperfeFfien But, to maniſeſt the imperſections of our reaſon, with regard to privi- 
"Ar leg'd things, we need not have recourſe to the divine nature: a mathe- 
| matical demonſtration may ſerve the turn. For, ſuppoſe a great circle, di- 
vided into its 360 degrees; and fuppoſe any number of ſtrait lines, drawn 
from the feveral aſſignable parts of ſome- one of theſe degrees, to the 
centre; 'tis- manifeſt, that the degrees being equal, as many lines may be 
drawn from any other; and ſo from every one of the reſt. 
ben, ſuppoſe a circular arch, equal to the aſſumed degree, to be 
Further bent into the circumference of a little circle, concentrical WILDE 
eg 
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the centre. Whence *tis evident, that all the lines, drawn from the cir- 
cumference to the centre of the greater circle, muſt paſs thro* different 
points of the circumference of the ſmaller ; and, conſequently, that as many 
lines as can, even mentally, be drawn from the ſeveral points of the cir- 


cumference of the great circle to the common centre of both circles, muſt: 
all paſs thro' different points of the little circle; and thereby divide it into 
as many parts as the 3 circle is divided into. Here, then, the cir- 


cumference of the leſſer circle preſents us with a curve line, which was 
not pointy diviſible into more parts than an arch of one degree, or the 
360 part of the circumference of the greater circle ; yet, without being 
lengthen'd, it becomes diviſible into as many parts as. the whole circum- 
ferente of the ſame greater circle. And, tho' we ſhould ſuppoſe the circum- 


ference of the internal circle not to exceed one inch; and that of the exte- 


rjor circle to exceed the circumference of the terreſtrial globe, or Orbis 
mag nus itſelf ; ſtill the demonſtration would hold. | 
And, ſurely, tis very agreeable, both to the nature of God, and to that 


of man, that ſuch things as theſe ſhould prove true; for we miſtake, and 
fatter human nature too much, when we think our underftanding ſo un- 


limited, both in point of capacity, and of extent; and fo free, and un- 

epoſſeſs d, as many philoſophers ſeem to ſuppoſe. For, whatever our 
elf-love may mcline us to imagine, we are really but created, and finite 
Beings, and come into the world but ſuch as it pleas'd the moſt free au- 


thor of nature to make us. And, from this dependance, and limitation - 


of our natures, it follows, not only that we may be born with certain im- 


preſſions, appetites, or tendencies of mind; but alſo, that the means given 
us to employ in the ſearch, or judging of truth, are only proportionable 
to the deſign of our make; and, therefore, may, probably, be ſuppoſed 


not able to reach all kinds of truths; many of which may be unneceſſary 


for us to know here: and ſome may be reſerv'd, to render us ſenſible of * 
the imperfections of our natures, and to make us aſpire to that condition, 
wherein our faculties ſhall be much enlarged, and heighten'd. It ſeems 


not, therefore, unreaſonable to think, both that God has ſo limited our 


faculties, that, in our preſent ſtate, there ſhould be ſome objects beyond 
the comprehenſion of our underſtandings, or, that ſome of his crea- 
tures ſhould not be able perfectly to underſtand ſome others; and yer, that 
he has given us light enough to perceive, that we cannot attain to a clear, 


and full knowledge of them. 
It may here, indeed, be objected, that tho* the inſtances given, have not 


been hitherto clear'd by the light of reaſon, yet, *tis probable, they may 
be ſo hereafter ; conſidering how great a progreſs is, from time to time, 


made in the diſcoveries of nature. I anſwer, that I imagine, what 

diſcoveries are made, will chiefly concern thoſe things which either we are 
ignorant of, for want of a competent hiſtory of nature; or miſtake, thro 
erroneous prepoſleffions, or for want of freedom, and attention, in our 
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eat one; it follows, from the nature of a circle, that the ſemi-diameters- Paysrcs. 
of it, how many ſoever they be, can no where touch one another, but in LW. 
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2 YSICS. ſpeculations. But as to all — difficulties, wherein neither mat- 


ters of fact, nor the hypotheſes 


ſubordinate parts of learning are of 
force, we have little to expect. And, however it be as to other abſtruſe 
objects; I am very apt to think, there are ſome things relating to the in- 
finite Being, which will ftill remain incomprehenſible, even to philoſo- 
phical underſtandings. I can ſcarce hope to ſee thoſe obſtacles ſur- 
mounted, that proceed not from any perſonal infirmity, or evitable faults, 
but from the limited nature of the human mind. Beſides, as mankind may 
hereafter 2 ſome of thoſe grand difficulties, which have hitherto 
perplex'd philoſophers ; ſo their inquiries may, poſſibly, lead them to diſ- 
cover new difficulties more perplexing than the firſt. For, even amongſt 
the things wherewith we are already acquainted, there are many which 
we think we know, only becauſe we never, with due attention, try'd 
whether we can frame ſuch ideas of them, as are clear, and worthy for 
a rational mind to acquieſce in. This appears from the great intricacy 
that conſidering men find in the notions commonly receiv'd of ſpace, time, 
and motion, Oc. and the difficulties of framing clear, and ſatisfactory ap- 
prehenſions, even of ſuch obvious things. We ſee alſo, that the angle of 
contact, the doctrine of aſymptotes, and that of ſurd numbers, and in- 
commenſurable lines, all which give no concern to common accomptants 
and ſurveyors, perplex the greateſt mathematicians. Hence the growing 
curioſity of mankind is not more likely to ſolve ſome difficulties, than to 
raiſe others; which may prove more inſuperable than they. 

The motion of a coach-wheel is ſo obvious, and ſeems 1 plain a thing, 
that the coach-mA never looks upon it with wonder ; yet after Ariſtotle had 
taken notice of the difficulty that occurr'd about it, this trivial phenome- 
non has perplex'd even famous mathematicians, and continues yet to do 


ſo: there being ſome circumſtances in the progreſſive motion and rotation 


of the circumference of a wheel, and its nave ; or of two points aſſign'd, 
the one in the former, and the other in the latter, that have appear'd too 
ſubtile for modern writers. | 

And here we may obſerve, that reaſon operates according to certain 


manner Puman ideas, axioms, and propoſitions, wherewith, as by rules and meaſures, it 
nd, 


concei ves, eſtimates, and judges of things. And, indeed, when we ſay, 


that a thing is conſonant or repugnant to reaſon, we mean uſually, that it 


is either immediately or mediately deducible from, or at leaſt conſiſtent 
with, or contradictory to one or other of theſe ſtandard-rules or notions. 
But if theſe rules and notions be ſuch as are drawn only from finite things, 
or are agreeable but to thoſe ; they may prove uſeleſs or deceitful, when 
2 to ſtretch them beyond their meaſure, and apply them to infinites. 

Jo illuſtrate and confirm this notion. All the «44 that we naturally 
do or can know, may be divided into ſuch as we may acquire without a 
medium, and ſuch as we cannot attain to, but by the intervention of a 
medium, or by a diſcurſive act. To the firſt belong ſuch notions as are ſup- 
poſed to be connate ; as, that Two contradictories cannot be both true; 


The whole is greater than a part thereof Every whole number is 


either 
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either even or odd; Cc. as alſo, thoſe other truths, that are aſſent- PRysrcs. 


ed to upon their own account, without needing any medium to prove 
them; becauſe that, as ſoon as by clear terms, or fit examples, they are 
plainly +5 — to the underſtanding, they diſcover themſelves to be true 
o manifeſtly by their own light, that they want no propoſition to make 
the underſtanding acquieſce in them. Of this kind are ſome of Euclid's 
axioms ; for inſtance, © If to equal things equals be added, the totals will 
be equal.” 

To the ſecond ſort of things knowable by us, belong all that we acquire 
by the act of reaſoning ; wherein, by means of propoſitions or mediums, 
we deduce one thing from another ; or conclude, affirmatively or nega- 
tively, one thing of another. This being ſuppoſed, and we being con- 
{cious to ourſelves that we are not the authors of our own nature ; all the 
experience we have hitherto had, leads us to think, that the meaſures ſug- 
geſted to us, either by ſenſations, the reſults of ſenſible obſervation, or 
the other inſtruments of . are ſuch as fully reach but to finite 
things and, therefore, are not ſafely applicable to others. And many of 
thoſe principles that we think very general, may be only gradual notions 
of truth; and but limited and reſpective, not abſolute and univerſal. 

And tho perſect ſyllogiſms be counted the beſt and moſt regular forms, 
that our reaſonings can aſſume ; yet even the laws of theſe are grounded on 
the doctrine of proportions; for even between things equal, chere may be 
a proportion, Upon this ground, I ſuppoſe, it is, that mathematical de- 
monſtrations have been publicly N of the grand ſyllogiſtical rules. 
And, in conſequence hereof, geometricians tell us, there is no proportion 
between a finite line and an infinite; becauſe the former can never be ſo 
often taken, as to exceed the latter; which, according to Euclid's defini- 
tion of proportion, it ſhould be able to do. Since then, the rr 
operates but by the notions and truths *tis furniſh'd with, and ſince theſe 
are its inftruments, by proportion to which, it takes meaſures, and makes 
— — of other things; ſuch inſtruments may be too diſproportionate 
to ſome objects, to be ſecurely employ d to determine ſeveral particulars 
about them. Thus, the eye being an inſtrument which the underſtanding 
employs to eſtimate diſtances, we cannot by that, ſafely take the breadth 


of the ocean; becauſe our ſight reaches not far enough, to diſcover the 


extent of ſo vaſt an object. And the common inſtruments of ſurveyors, 
that would ſerve to meaſure the height of a houſe or a ſteeple, or even 
a mountain, cannot enable them to take the diſtance of the moon. But when 


aſtronomers take, by i — a line that reaches from the ſurface to the 


centre of the earth, tho by the help of this, and the parallax, they may 
tolerably meaſure the diftance of the moon; yet, with all their great in- 
duſtry, they cannot, by the ſame way, with any tolerable accuracy, mea- 
ſure the diſtance of the ftars ; the ſemi-diameter of the earth bearing no 
ſenſible proportion to that of ſo vaſt a ſphere, as makes their parallax 
vaniſh : it being all one to ſenſe, whether, at ſo great a remove, a ſtar be 
obſery*d frem the centre, or from the ſurface of the earth. Thus when I 

Vor. II. Dd think 
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Pnrsics. think of a triangle or a ſquare, I find in my imagination, an intuitive idea 
of thoſe figures; that is, a picture clear and diſtin, as if a figure of three 
ſides, or of four equal ſides and angles, were placed before my eyes. But if 
I would fancy a myriagon, or a figure conſiſting of ten thouſand equal 
ſides, my imagination is overpower d with ſo great a multitude ; and 
frames but a confuſed idea of a polygon, with a very great many ſides, 
For if a man ſhould endeavour to frame ideas of a myriagon, or a chiliagon, 
they would be both ſo confuſed, that his imagination would not be able 
clearly to diſcriminate them; tho the one has ten times as many ſides as 
the other. 'Thus, if you would imagine an atom, of which perhaps ten thou- 
ſand would ſcarce make up the bulk of one of the light particles of duſt, 
that plays in the ſun- beams; ſo extraordinary a minuteneſs, not having 
fallen under any of our ſenſes, cannot truly be repreſented in our imagina- 
tion. So, when we ſpeak of God's omnipotence, and other of his intinite 
attributes and perfections; we have ſome conceptions of the things we 
. of, but may very well diſcern them to be inadequate. And tho 
everal propoſitions, relating to things above reaſon, ſeem clear enough to 
ordinary capacities; yet he who ſhall, with a competent attention, curio- 
ſity, and skill, conſider and examine them, will find that either their parts 
are inconſiſtent with one another, or that they involve contradictions to 
ſome acknowledg d or manifeſt truth, or are veild over with darkneſs, and 
encumber'd with difficulties, from whence we are not able to reſcue them. 
Thus, when the ſide and diagonal of a ſquare are propoſed, we have clear 
and diſtinct ideas of each of them a-part ; and when they are compared, 
we may have a conception of their incommenſurability ; yet this negative 
notion, if it be thoroughly conſider d, and far enough purſued, clearly con- 
tains that of a ſtrait line being diviſible in inſinitum and this diviſibility is 
encumber'd with ſo many difficulties, arid is ſo hard to be reconciled to 
ſome confeſs d dictates 5 reaſon, that philoſophers and geometricians, 
tho* convinc'd of the truth, are to this day labouring to extricate them- 
ſelves out of theſe perplexing intricacies. | 
*Tis evident, that ſome ſubſtance or other, whether God, the world, or 
matter, never had a beginning ; that is, has been for ever. But when 
we ſpeak of an eternity à parte ante, as they call it, we do not ſpeak of a 
_ whereof we have no conception at all ; as will appear to a conſidering 
perſon : yet the general notion we have, is ſuch, that when we come atten- 
tively to examine it, by the ſame ways whereby we judge of almoſt all 
other things, the underſtanding is confounded: for we muſt conceive, that 
the time efflux'd ſince the firſt man began to live, bears no greater proportion 
to the duration of God, or of matter, than a moment. And as there are ſome 
» whoſe nature and conſequences puzzle our faculties ; there are 
others, whereof tho we have a notion, yet the Modus operandi is beyond our 
comprehenſion. I do not mean only the true and certain Modus operandi, 
but even an intelligible one. Thus, tho? many, eſpecially Cartefians, and that 
upon a philoſophical account, aſſert that God created the world; yet, how 


a ſubſtance could be made out of nothing, I fear, we cannot * 
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And tho all philoſophers, very few excepted, believe that God made Phrsics. 
the world, out of pre-exiſtent matter; yet how he could make it, but bh 
locally . the parts of the matter it was to conſiſt of; and how an 
incorporeal ſubſtance can move a body, which it may paſs thro' without 
reſiſtance, will be found hard to explain. If it be ſaid, that the ſoul being 

an immaterial ſubſtance, can nevertheleſs move the limbs of the human 

body, rightly diſpoſed ; I anſwer, it does not appear that the rational 

ſoul gives any motion to the parts of the body, but only guides or regu- 

lates that which ſhe finds in them already. 

Thus then, by making obſervations of ſuch things as are the proper 
objects of our faculties, and by drawing juſt conſequences from ſuch ob- 
ſervations, and from our other knowledge, we may come to be certain 
that ſome things exiſt, and ſo have general and dark ideas of them ; when, 
at the ſame time, we are at a loſs to conceive how they can be ſuch, or 
how they can operate and perform what they do; ſuppoſing the truth and 
ſufficiency of ſome other things we are convinc'd of. To be ſhort, nega- 
tive apprehenſions we may have of ſome privileged things, and poſitive, 
but indiſtinct apprehenſions of others; and that is enough, in ſome ſort, to 
make us underſtand ourſelves, and one another, when we ſpeak of them : 
tho when we ſufficiently conſider what we ſay, we may find, that our 
words are not accompany d with clear, diſtin, and ſymmetrical concep- 
tions of thoſe abſtruſe and perplexing things we ſpeak of. And ſince we 
find, by experience, that we are unable ſufficiently ro comprehend things, 
which by clear and juſt conſequences may be proved to exiſt ; this ſtrongly 
argues, that ſome of our conceptions may be of things whereto ſomewhat 
belongs, that tranſcends our reaſon, and ſurpaſſes our comprehenſion. So 
that when natural philoſophy had taught men to believe God to be an 
infinitely perfect Being, we ought not to ſay, that they had no idea of 
ſuch a Being, becauſe they had not a clear and adequate one. And fince 
Ariſtotle —— diſcourſes of infinity, and cites the ancienter philoſo- 

hers for having done ſo before him; and ſince Democritus, Epicurus, Gaſ- 
| > and others, maintain either that the world is boundleſs, or that 
ſpace is not finite in extent, or that the world conſiſts of atoms, infinite in 
number; we muſt not ſuppoſe, they ſaid they knew not what, as . 
muſt have done if they wrote without ideas of the things they treated of: 
tho* we may juſtly ſay, that the ſubject being infinite, the ideas they 
framed of it, could not be comprehenſive and accurate. 'Thus, when the 
eye looks into a deep ſea, tho it may pierce a little way into it; yet when it 
would go deeper, it only diſcovers ſomewhat dark and indiſtinct, which 
aſſects the organ ſo differently from what other more genuine objects do, 
that we thence eaſily diſcern our ſight fails us in the way, before it arrives 
at the bottom ; and conſequently, that there may be many things con- 
ceal'd there, which our ſight is unable to reach. But if we really find 
there are things which our reaſon cannot comprehend, then, whether the 
account I have given, why our faculties prove inſufficient for theſe things, 
be good or not; there muſt be ſome true account or other of that inſuffi- 
| Dd 2 CIENCY. 
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' Phiysres. ciency. And ſome things muſt appear to us ſo ſublime and abſtruſe, that 
| ve are unable to comprehend them, and to diſcern ſo much as the reaſon 
why they cannot be comprehended by us. 

Upon the whole, then, we may reaſonabl ſuppoſe, that the great au- 
thor of nature ſo framed man, as to have farnif d his intellective faculty 
with a light, whereby it can, not only eſtimate the power of a multitude of 

other things, but alſo judge of its own nature and power, and diſcern 
ſome of the limits, beyond which it cannot ſafely exerciſe its act of judging 
and defining. But the rational ſoul does not only paſs judgment of the 
things without her, but about herſelf, and what paſſes within her: ſhe 
ſearches out, and contemplates her own ſpirituality, and union with the 
body. The intelle& judges wherein its own nature conſiſts, and whether 
or no itſelf be a diſtinct faculty from the will. And to come yet cloſer, 
logic and metaphyſics are the works of the human mind; which, by framing 
thoſe diſciplines, manifeſts that it not only judges of reaſoning, but of the very 
principles and laws thereof; teaching what things are neceſſary to obtain 
evidence and certainty, and what kind of mediums they are, from whence 
we muſt not expect any demonſtrative arguments relating to a ſubject. 
Thus, if we compare the bodily eye with the underſtanding, which is the 
eye of the mind; we muſt allow this difference, that the intellect is as well 
a looking-glaſs as a ſenſory ; ſince it does not only ſee other things, but it- 
ſelf too, and can diſcern its own blemiſhes, bad conformation, or what- 
ever other infirmities it labours under. The foul, therefore, when duly 
excited, is furniſh'd with a light that may enable her to judge, even of 
many of thoſe original notions, by which ſhe judges of other things. In 
ſhort, the ſoul, upon trial, may find, by an inward ſenſe, that ſome things 
ſurpaſs her force; as, a blind man being ſet to lift up a rock, would 
quickly find it too unwieldy to be managed by him : and the utmoſt exer- 
ciſe of his ſtrength, would but convince him of the inſufficiency of it to 
ſurmount ſo great a weight. We do not then pretend, that the eye of 
the mind ſhould ſee inviſibles ; but only, that it ſhall diſcern the limits of 
that ſphere of activity, within which nature hath bounded it; and conſe- 
uently, that ſome objects are diſproportionate to it. Arxiſtotle himſelf 
ys, that the eye ſees both light and darkneſs ; which expreſſion, tho 
ſomewhat odd, may be defended: ſince, tho darkneſs is a privation, not a 

Being, it cannot properly be the object of ſight ; yet it may be perceived b 
means of the eye, from the very different affection which that organ ſuf- 
fers, when impreſs'd by luminous objects, and when it is made uſeleſs 

=Y to us by darkneſs. | | 

Whether ms But it may be ask d, how can we juſtify our diſcourſing, at all, of things 
222 3: i tranſcending reaſon ? | | 
things abrve The better to clear this matter, I muſt make ſome diſtinctions of the 
28 notions or conceptions of the mind; and, for brevity ſake, give names to 
thoſe I have now occaſion to employ. I conſider then, that whether the 
conceptions or ideas we have of things, be ſimple or compounded, they 
may be diſtinguiſh'd into fuch as are particular or diſtin, and ſuch as — 
| only 
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only general, dark, and confuſed, or indiſtinct. When a navigator to Paysics. | 
unknown countries, firſt gets a fight of land, tho he may be ſatished that 


it is land, yet he has but a very dark and confuſed picture of it made in 
his eye, and cannot deſcry whether the ſhore be rocky, or what creeks or 
harbours it may have in it; much leſs, whether the coaſt be well inhabited; 
and if it be, what kind of buildings it has: all which he may plainly 
and diſtinctly ſee, upon going on ſhore. And of ſome things we have an 
adequate, of others but an inadequate conception : thus, if we ſuppoſe the 
ſame navigator ſhould look towards the main ſea, tho' he might ſee a great 
way diſtinctly, yet at length it would appear ſo dark and confuſedly to him, 
that at the verge of the ſenſible horizon, his ſight would make him judge the 
ſea and sky came together; he would, however, conclude, that the utmoſt 

art of the ſea he could deſcry, was but a part of the ocean, which may, 
[I ought he knows, reach to a vaſt extent beyond the viſible horizon. To 
our confuſed, and often, alſo, to our inadequate conceptions, belong many 
of thoſe that may be call'd negative; which we employ, when we ſpeak 
of privations or negations, as blindneſs, ignorance, death, c. We have 
a poſitive idea of things that are ſquare and round, black and white ; and, 
in ſhort, of other things, whoſe ſhapes and colours make them the objects 
of our ſight. But when we ſay, for inſtance, that a ſpirit or an atom are 
invifible ; thoſe words are attended with a negative conception, which is 
commonly but dark and confuſed, becauſe 'ris indefinite, and removes, or 
lays aſide thoſe marks, by which we clearly perceive and diſtinguiſh viſible 
ſubſtances : as, when we ſay, that ſuch a thing is impoſſible, we have ſome 
kind of conception of what we ſpeak ; but tis a very obſcure and in- 
diſtinct one, at beſt ; exhibiting only a general and very confuſed repreſen- 
tation of ſome ways, whereby one might think the thing likely to be effect- 
ed, if it were at all performable ; and accompanied with a perception of the 
inſufficiency of thoſe ways. There is yet another difference in the notions 
we have of things, which, tho' not uſually obſerv'd, is too important to be 
here omitted. Of ſome things we have a knowledge, that tor want of a 
fitter term, may be call'd primary or direct; and of others, the knowledge 


we have, is acquired but by inferring it from ſome more known or clearer 
I 


truth; and ſo may be call'd inferr'd or illative knowledge. Thus, when a 
metrician defines to me an hyperbola, I quickly gain a clear and diftin&t 
idea of it: but when he proves to me; that this hyperbola may have ſuch a 
relation to a ſtrait line, which he calls an aſymptote, that this line being con- 
tinued, {till comes nearer and nearer to the prolong'd fide of the hyper- 
bola, and yet, how far ſoever both be drawn, will never come to touch it; 
his ſubtile demonftrations preſent me with an inferr'd or illative truth, at 
which we arriv'd not, but by the help of a train of reaſonings; and on 
which if we exerciſe our imagination, we ſhall find this faQtitious truth, if 
we may ſo call it, accompanied but with a very dim and confuſed idea. 
To theſe diſtinctions we may add, laſtly, what belongs chiefly to the notions 
we have of true or falſe propoſitions, that of our conceptions of things, fome 
are ſymmetrical, or every way conſiſtent ; by which I mean, thoſe _— 
| ve 
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derſtand thoſe that are either ſelf- deſtructive, by the contrari 
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have theſe two qualifications; the one, that all the parts are conſiſtent a- 
mong themſelves ; the other, that the entire idea is conſiſtent with all 
other truths: and ſome are chimerical, or aſymmetrical ; by which : * 

y of t 
parts themſelves, whereof they are made up, as if one ſhould talk of a tri- 
angular {quare, or a {un-ſhiny night; or being extravagant, lead to ſome 
manifeſt abſurdity that may be juſtly inferr d from them; or into inextri- 
cable difficulties ; or elſe involve a real repugnancy to ſome acknowledg'd 
truth, or rule of reaſon. 

| Now the mind of man is ſo framed, that, when duly inſtructed, it can 
perceive a want of light in itſelf for ſome purpoſes; or of clearneſs, and 
completeneſs, in the beſt ideas it is able to frame of ſome things; and, 
on this account, can ſo far take notice of the extent, and imperfection of 
its own faculties, as to diſcern, that ſome objects are diſproportionate to 
it. As, when we attentively conſider the dimenſions of ſpace, or thoſe 
of the univerſe ; we may, by trial, find, that we cannot conceive them ſo 
great, but that they may be yet greater; or may exceed the bounds, how 
remote ſoever, which our former conception preſumed to aſſign them. 
Thus, when the eye looks upon the main ſea, we eaſily grow ſenſible, 
that, how much ſoever we can diſcover of it, yet our ſight falls far ſhort of 
the extent of that vaſt object. And 'tis by the ſenſe which the mind has of 
its own limits, and imperfections, on certain occaſions, that we may eſti- 
mate what things ought not, and what ought to be look'd upon as things 
above reaſon; 3 — that term, I mean not ſuch things as our rational 
faculty cannot at all] reach to, or has no kind of perception of: for, 
of ſuch things, we cannot, in particular, either think, or ſpeak, like men: 
but my meaning is this, that the rational ſoul, being conſcious of her own 
actions, and feeling that ſhe knows ſeyeral ſorts of things truly, and clearly; 
and, thereby, julchy concluding them to be within the compaſs of her fa- 
culties; when ſhe contemplates ſome few things, which ſeem to be of 
another order, ſhe is convinced, that, however ſhe ftrains her power, ſhe 
bas no ſuch ideas, or perceptions, of them, as ſhe has, or may have, of 
thoſe objects, which are not diſproportionate to her faculties, 

Again, the nature of the mind is ſuch, that its faculty of drawing con- 
ſequences from known truths, is of greater extent, than its power of 
framing clear, and diſtinct, ideas of things; ſo that, by ſuitable, or 
ſucceſſive inferences, it may attain to a clear conviction, that ſome thi 
exiſt, of whoſe nature, and properties, it can frame no clear, and ſatiſ- 
factory conceptions. And, that men ſhould be better able to infer pro- 
E about ſeveral things, than to penetrate into their nature, is the 

$ ſtrange, becauſe tis oftentimes ſufficient for our uſes, to know that ſuch 
things exiſt ; tho that knowledge be not accompany'd with a clear and 
diſtinct idea; and becauſe the rules, as this, for example, whatever is pro- 

* duced, muſt have a cauſe, are often clear, and eaſy, that enable the 
mind to infer concluſions about things, whoſe nature is very abſtruſe. 


To 
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To apply, then, theſe notions to the three ſorts of things that I have Physics. 
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repreſented, as being, in ſome ſenſe, above reaſon. here are ob: WV i 


jets of ſo immenſe, and peculiar a nature, that, by an eaſy view of 
the mind, without ſubtile, and laborious inquiry, the ſoul diſcerns, and, 
as it were, feels the object to be diſproportionate to her powers; and, ac- 
cordingly, if ſhe tries, ſne quickly finds herſelf unable to frame concep- 
tions thereof fit to be acquieſced in: and this ſort of objects, I, upon 
that account, call inconceivable, or ſupra- intellectual. | 
But when, by attentively conſidering the attributes, and operations of 
a thing, we, ſometimes, find, that it hath a property belonging to it ; or 
rforms ſomewhat, which, by reflecting on the Beings, and ways of 
working that we know already, we cannot diſcern to be reducible to them, 
or derivable from them ; we then conclude this property, or this opera- 
tion, to be inexplicable ; that is, ſuch as cannot ſo much as, in a general 
way, be intelligibly accounted for : and this makes the ſecond ſort of our 
things above reaſon. But this is not all; for the rational ſoul, that is al- 
ready furniſh'd with primitive ideas, and rules, of true and falſe ; when 
ſhe comes to examine certain things, and make ſucceſſive inferences about 
them, ſhe finds, that ſhe cannot avoid admitting ſome conſequences as 
true, and good, which ſhe is not able to reconcile to ſome other manifeſt 
truth, or acknowledg'd propoſition. And other truths are ſo harmonious, 
that there is no diſagreement between any two of them. The hetero- 
eneous truths, I ſpeak of, appear not ſymmetrical with the reſt of the 
— of truths; and we ſee not how we can, at once, embrace theſe, 
and the reſt, without admitting the grand abſurdity, which ſubverts the 
very foundation of our reaſonings, that contradictions may be true. Thus, 
in the controverſy about the endleſs diviſibility of a ſtrait line; as tis 
manifeſt, that a line of three feet, for inſtance, is thrice as long as a 
line of one foot, ſo that the ſhorter line is but a third part of the longer; 
it ſhould follow, that a part of a line would contain as many parts as the 
whole, ſince each of them is diviſible into infinite parts; which ſeems re- 
ugnant to common ſenſe; and, to contradict one of thoſe axioms in 
clid, whereon geometry itſelf is built. Upon which account, I have 
ventur'd to call this third fort of things above reaſon, aſymmetrical, or 
unſociable ; of which eminent inſtances are afforded us, by thoſe controver- 
ſies, wherein, which fide ſoever of the queſtion you take, you will be un- 
able, directly and truly, to anſwer the objections that may be urg d 
to that you contradiẽt ſome primitive, or other acknowledg d 
truth. 
Theſe are ſome of the conſiderations, by which I have been induced to 
diſtinguiſh the things that, to me, ſeem to over-match our reaſon, into 
three kinds. Of thoſe I ftile inconceivable, our ideas are ſuch, that 
a moderate attention ſuffices to make the mind ſenſible ſhe wants ei- 
ther light, or extent enough, to have a clear and full comprehenſion 
of them; thoſe things I have called inexplicable, are ſuch as we can- 


not perceive to depend upon the ideas wherewith we are _— 


an 
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Pnrsrtes. and to reſemble, in their manner of working, any of the agents, whoſe 
nature we are acquainted with; and, laſtly, thoſe things which I have 
named unſociable, are ſuch as have notions belonging to them; or have 
concluſions deducible from them, that appear either diſagreeable to our 
primitive ideas, or, when driven home, inconſiſtent with the manifeſt 
rules we are furniſh'd with, to judge of true and falſe. | 

But, by ſorting things above reaſon, into three kinds, I do not deny that 
tis poſſible one object may, in different regards, be referr'd to more than one 
of theſe ſorts; as may ſufficiently appear in that nobleſt of objects, Ged ; 

who, when he made the world out of nothing ; or, when he diſcerns the 
moſt ſecret thoughts and intentions of the mind; or, when he unites an im- 
material ſpirit to a human body, and maintains, perhaps, for very many 
years, that matchleſs union, with all the wonderful conditions he has an- 
nex'd to it; he ſupplies us with inſtances of things that are inexplicable : 
for ſuch operations are not reducible to any of the ways of working krown 
to us, ſince our minds can but modify themſelves by various manners of 
thinking. And, as for things without us, all that one body can do to ano- 
ther, by acting on it, is to communicate motion to it; and thereby pro- 
duce in it the natural conſequences of ſuch motion; in all which, there 
is no action like any of thoſe I juſt now aſcribed to God. And ſince the 
eſcience of thoſe future events, which we call contingent, being a per- 
Econ, is not to be deny d to God ; and ſince this ſeems irreconcileable to 
the freedom of human actions, it will afford us an inſtance of truths, 
whoſe conſiſtency, and whoſe ſymmetry with the body of other truths, our 
reaſon cannot diſcern ; and which, therefore, ought to be referr'd to that 
ſort of things above reaſon, which I call unſociable. 

I come now to the third ſort of theſe things, that mention'd under 
the name of incomprehenſible, or — 2 ; which title, whe- 
ther it belongs to any other object, or no, certainly belongs to God, 
whoſe nature comprehending all perfections, in their utmoſt poſſible de- 

ees, is not likely to be comprehenſible by our minds, who wholly want 

everal of thoſe perfections, and have but moderate ſhares of the reſt, We 
are, indeed, born with, or, at leaſt, have a power, and ſeveral occaſions 
to frame an idea of a Being infinicely perfect; and, by this idea, we may 
ſufficiently diſcriminate the origin of it, God, from all other objects what- 
ſoever: but, when we come to conſider attentively, and minutely, what is 
contain d in the notion of omnipotence, omniſcience, eternity, and thoſe other 
attributes that are all united in that great affluence of perfections, God; 
we may be ſure to find, that our faculties are exceedingly ſurmounted by 
the vaſtneſs and glory of that unlimited, and unparallel'd object; about 
which, as we can diſcover that it exiſts, and that it poſſeſſes all the perfe- 
ction we can conceive ; ſo we may, at the ſame time, diſcern, that it muſt 
have degrees of perfection, which, becauſe of the inferiority of our nature, 
we are not able to comprehend. Tet this diſcovery of God's incomprehen- 
ſibility, may be made, without ſubtile inquiries, and without trains of con- 
uences, tho not without attention, by a direct view of the mind; _—_ 
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finds itſelf, = trial, as unable, fully to meaſure the divine perfections, Pursics. 
n | 


as the dimenſions of ſpace, which we can conceive to be greater and greater, 
without ever being able to determine any extent beyond whole limits they 
cannot reach. 

"Tis indeed, therefore, arrogance to talk of infinite, or of privileg'd 
things, withthe ſame confidence, or to pretend to do it with the ſame 
clearneſs, wherewith knowing men may ſpeak of things, unqueſtionably 
within the compaſs of our underſtandings : but this need not hinder us, 
nor doth diſable us from ſpeaking rationally of privileg d things them- 
ſelves. For all allowable notions, are not of the ſame ſort, or order ; and 
if none were to be admitted but thoſe that enable us to comprehend the 
object, that is, which give us a clear and diſtinct knowledge of all that it 
contains, or that belongs to it; I muſt confeſs, we have no good no- 
tions of privileg'd things in particular. I muſt add, that I fear we have 
few or none, even of many things, that we think ourſelves very know- 
ing in. And when we ſpeak of things, as being above reaſon, tho' we 
have no clear, diſtinct, and adequate idea of them; yet we may have a 
general, confuſed, and inadequate notion of them ; which may ſuffice to 
make us diſtinguiſh their effective objects from all elſe, and from one 
another; as may be obſerv'd in ſeveral ideas that are negatively framed ; 
ſuch as thoſe we have of inviſible, incomprehenſible; and in others, which 
I formerly call'd inferr'd, becauſe they accompany the remote inferences 
whereby one truth is concluded from another ; as when geometricians infer 
from ſome propoſitions in Euclid, that any ſtrait line may be divided farther 
and farther, without ſtop. For, of this, and ſome other propoſitions, about 
privileg'd things, we are not quite deſtitute of allowable notions, as may ap- 
pear by ſome admirable ſpeculations of mathematicians, about the affections 
of ſurd numbers, and incommenſurable magnitudes, of ſome of which we 
have no ſuch clear and ſymmetrical conceptions, as we have of many other 
things that are of a nearer, and more intelligible order. I ſhall not, there- 
fore, ſcruple to acknowledge, that by my own experience, the confeſſions 
of others, and by their unſucceſsful attempts, I am induced to think, that 
God, who is a moſt free agent, havin 9 pleaſed to make intelligent 
Beings, may, perhaps, have made them of ; onal ranks, or orders, whereof 
men may not be the principal ; and that, whether there be ſuch orders, or 
no, he hath, at leaſt, made us men of a limited nature, in general, and of 
a bounded capacity ; and accordingly, hath furniſh'd man either with 
certain innate ideas, or models, and principles ; or, with a faculty, or 
power, and diſpoſition, eaſily to frame them, as it meets with occaſions 
to excite them. But, becauſe God intended the mind of man of a limi- 
ted capacity, his underſtanding is ſo conſtituted, that the in-bred, or eaſily 
acquired ideas, and primitive axioms, wherewith it is furniſh'd ; and by 
relation, or analogy whereto, it judges of all other notions and propoſi- 
tions, do not extend to all knowable objects whatſoever ; but reach . 
to ſuch as have a ſufficient affinity, or bear ſome proportion to tho 
primary ideas, and rules of truth, which are ſufficient, if duly improv d, 
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Pays1cs. to help us to attain, tho not the perfect knowledge of truths of the high- 
LE eſt order, yet the competent knowledge of as much truth, as God thought 
fit to allow our minds, in their preſent ſtate of union with our bodies. 
And, indeed, I ſee no reaſon to repine at the limits which the author 
of nature aſſigns to human knowledge. For the number of privileg'd 
things, is altogether inconſiderable, in compariſon of the multitude of 
others, to which our knowledge may be improv'd to reach; and which it 
far more concerns us well to know, than it doth to reſolve puzzling que- 
| ſtions, about things incomprehenſible ; there being, within the compaſs of 
| thoſe truths, enough to employ, and reward our diligence, without ſtrain- 
| ing and tiring our reaſon about objects that tranſcend it. Yet, even 
about theſe, ſome inquiries may be allowed; for an object that is, on account 
of ſome of its properries, privileg'd, may have ſeveral others belonging to 
it, that do not ſurpaſs our reaſon ; and whoſe knowledge may, therefore, 
be attain'd by the due employment of it, Thus we uſefully ſtudy the 
nature of bodies, which make up the object of natural philoſophy ; tho 
the true notion of body, in general, be a thing ſo difficult to frame, that 
the beſt of our modern philoſophers can, by no means, agree about it. 
This Ido not wonder at, becauſe, if we purſue the notion of body to 
the utmoſt, *twill lead us to the perplexing controverſy de compoſitione con- 
tinui ; and there the underſtanding will be left in the dark. Thus ſur- 
veyors, carpenters, architects, and many others, know ſeveral properties 
of the ſquare figure, that are of great uſe to them in their reſpective em- 
ployments ; tho this, that its ſide, and diagonal, are incommenſurable, be 
unknown to moſt of them; and if they were told of it, and ſhould pro- 
ſecute the ſpeculation, twould involve them in exceeding great, and, pro- 
bably, inſuperable difficulties. 

And, even about privileg'd things, our inquiries, if diſcreetly manag d, 
may not only be allowable, but, ſometimes, profitable. For, of ſuch ſub- 
jects, a ſtudious ſearch may bring us to know more than we did, tho' not 
ſo much as we would, nor enough to be acquieſced in. This may, proba- 
bly, teach us to know both the objects better, and ourſelves the better 
too; by giving us ſuch a ſenſible diſcovery of the inſufficiency of our un- 
derſtandings, to comprehend all ſorts of things, as may be very uſeful, 
tho not pleaſing ; and may richly reward the pains that ended in ſo inſtru- 
ctive a diſappointment. Thus in the nobleſt inſtance that can be given, the con- 
er e of God himſelf, tho? he has ſo order d all things, that tis ſcarce 
poſſible for us to be deſtitute of an idea of him; yet when ve come, with 
a ſufficient application of mind, to pry into the wonderful attributes of 
this moſt ſingular, and adorable Being, we are ſure to find ourſelves un- 
able to comprehend fo unbounded an object. This, however, ought not 
to diſcourage us from ſo noble a ſtudy, fince we are allowed the great 
contentment and honour to make further and further diſcoveries of 
the moſt excellent of objects, by that very immenſity of his perfections 
that renders it impoſſible for us to reach to the bounds of his excellency, or 
rather to diſcover that it has any bounds at all. 

e | SE CT. 
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1 Proceed, in the next place, to offer ſome rules and directions, whereby rut for judg- 
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Pursics. 


to regulate, and eſtimate the reaſonings we meet with, concerning iz Hogs 


things above reaſon. 


And, firſt, I would obſerve, that as to privileg'd ſubjects, we ſhould Ti S rule. 


not admit any affirmative aſſertion, without ſuch proofs as are ſufficient 
in their kind. 

For, tis not reaſonable to give aſſent to any thing, as a truth, without 
a ſufficient ground for that aſſent. And tho' it may well be granted in 
the general, that a thing, which ſurpaſſes our reaſon, may have belonging 
to it ſome property that is alſo above reaſon ; yet we are not, in parti- 
cular, to believe, that this, or that affection belongs to it, without parti- 
cular and competent proof. For, ſince about a privileg'd thing, as well 
as about any other, propoſitions may be — and often are ſo, con- 
trary to one another; to aſſent to both, were certainly to believe one fal- 
ſity, if not two. And if we will aſſent but to one, we muſt either judge 
at adventures, or allow ourſelves to examine the mediums of probation, 
employ d on both ſides; and thereupon judge why one of the propoſitions 
is to be aſſented to, and the other rejected. This manly freedom muſt be 
allow'd ; without which, our underſtandings were liable to be impos d on, 
in matters of the higheſt concern: for, there ſcarce ever did, or, I fear, 
ever will, want ſome men, who, either out of ignorance, and paſſive delu- 
ſion, ſelf-confidence, or deſign, take upon them, with great boldneſs, to 
affirm what they pleaſe about privileg'd ſubjects: and, when they are 
oppoled in their extravagancies, by reaſonings they cannot anſwer, they 
urge, that theſe things, being above reaſon, are not to be judg'd of by 
it. But, of ſuch men as theſe, I uſually demand, whether their own aſſent 
to the things they would have us believe, be grounded upon ſome rational 
argument, or not. If they ſay, tis not, they are fools to believe it them- 
ſelves ; and I ſhould add to the number, if, after this acknowledgment, I 
believ'd them. But, if they ſay, it is, I deſire them to produce their 
argument; for, ſince tis framed by a human underſtanding, the force 
it may, alſo, be comprehended, and judg'd of by a human underſtanding ; 
and tis to no purpoſe to ſay, the ſubject ſurpaſſes human reaſon ; for, if 
it do ſo indeed, it will ſurpaſs theirs, as well as mine, and ſo leave us upon 
even terms. And, let the thing aſſented to, be what it will, the aſſent it- 
ſelf ought.ro be founded upon a ſufficient reaſon ; and, conſequently, upon 
one that is intelligible to the human underſtanding, that is wrought on by 


It, 

The poſitive proofs requir'd for an aſſertion, about a privileg'd thing, 
muſt, we ſay, bo ſufficient in their kind; but we are not to expect rigid 
demonſtrations of ſuch aſſertions : for, ſince tis manifeſt, that there are 
many truths, ſuch as hiſtorical and political ones, that, by the nature of 


the things, are not capable of mathematical, or metaphyſical demonſtra- 
Eez tions, 


212  'Things above REASON, confoderd. 
PRrsics: tions, yet, being really truths, have a juſt title to our aſſent; it muſt be 
WYN acknowledg'd, that a rational aſſent may be founded upon proofs that 

reach not to rigid demonſtrations : it being ſufficient, that they are ftrong 
enough to make a wiſe man acquieſce in them. And therefore, if any 
things can be made out to be reveal'd by God, concerning his own na- 
ture, actions, or decrees, we ought to receive them; becauſe, of ſome of 
thoſe things, as his preſcience, mercy, c. we can have no better proofs ; 
N and of others, as, what he did before our world was made, and what he 
will do with us after we are dead, we can have no other conſiderable proofs 
at all. There is no reaſon to think, that becauſe an object ſurpaſles the 
human underſtanding, it muſt, therefore, ſurpaſs the divine intellect itſelf, 
Even in the things that are tranſacted in the mind of man, I may learn 
from another, who is not my ſuperior, what I can by no means attain 

to know, unleſs he be pleas d to diſcover it to me. | 
Intelligibility to the human underſtanding, ſeems no more neceſſary to 
| the truth, or exiſtence of a thing, than that viſibility, to a human eye, 
ſhould be neceſſary to the exiſtence of an atom, or of a corpuſcle of air, or 
| of the effluvia of a load-ftone, or the fragrant exhalations o „ 
| or musk. The natural incapacity of a child, to underſtand the abſtruſe 
| roperties of parabolas, hyperbolas, and the incommenſurable lines of a 
quare, hinders not thoſe figures from exiſting, or their properties from 
being true and demonſtrable. And, tho* we do admit ſome privileg'd things, 
| yet there is no neceſſity that we ſhould be debarr'd from all knowledge of 
| thoſe ſublime objects, in which there are many things, whereof we muſt 
| confeſs ourſelves ignorant. The ancient geometricians knew very well 
| what a rectangular triangle was, when they conceiv'd it to be a figure 
conſiſting of three ſtrait lines, two of which, comprize a right angle; tho 
probably, for a great while, they did not know all its chief properties; 
ſince, for ought appears, before Pythagoras, it was not known that the 
ſquare of the hypothenuſe, is equal to the ſquares of both the other ſides 
taken together; and much more likely it is, that they were not able to 
ſolve thoſe difficulties which attend the endleſs diviſibility of lines infer- 

able from that equality. 1 - Wi . 

But every thing hard to be underſtood, or contrary to the common 

rules of probability, has not a right to paſs for privileg d; for then, the 

paradoxes about ſurd quantities, the duplicate proportion, and ſeveral 

ot herſurprizing doctrines, capable of mathematical demonſtrations, 2 


e Let it be propoſed ( ſays the inge - © ry. For the body, on which the fi- 
« nious Mr. Hawksbee ) to repreſent the | “ gure is to be ſeen, muſt be opake by 
«« figure of an object, placed behind an o- | © the hypotheſis, and the object placed 
pake body, upon the contrary ſide of that | © on the contrary fide to that whereon 
« opake body; and this without the help] *tis ſeen ; ſo that cither the light muſt 
* of optic-glaſles, or any-foreign adventi- | © betranſmitted thro' this body, and then 
© rious lights: perhaps the ſolution might | © tis not opa ke, contrary to the ſuppo- 
de thought impoſſible; or the very terms | © fition ; or elſe the light muft not be 
of the problem abſurd and contradiQo- | © tranſmitted, and then no figure _ 
«c 
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forms, which are really only ſcholaſtic chimeras. But tho” I ſhall not pre- 
ſume, poſitively, to ſet down the diſeriminating bounds, and ſigns of pri- 
rileg id things; yet moſt, if not all of them, are either primary in their 
kind, as God himſelf, and the things whoſe nature flows immediately from 
him; or elſe, things that, if thoroughly inſpected, neceſſarily involve the 
conſideration of ſome kind of Infinitum; or elſe, are ſuch, that tho' in 
ſome principal queſtions about them, one ſide muſt be taken, both ſides 
are encumber d with abſurdities, or ſcarce ſuperable difficulties. Theſe 
being 'the uſual marks that belong to privilegd things, their number 
cannot be very great; and therefore, we ſhall not, by allowing them, 
want objects whereon to exerciſe our faculties. 

2dly, We ſhould not be haſty to frame negatives about 
things; or to reject explications, or propoſitions of them, as if they were 
abſurd, or impoſſible. 


We obſerve, that even in natural things, tis very unſafe to affirm, or 


reject opinions, before men have a competent hiſtorical information of 
what belongs to the ſubject they take upon them to judge of. And there- 
fore, it muſt, in reaſon, be thought much more unwary to be forward to 
reſolve upon negative propoſitions, about things which, ſince we our- 
ſelves acknowledge to be above the reach of human reaſon, twill become 
us, at leaſt to forbear a rude, and inſulting way of rejecting the opinions 
of learned men, who diſſent from us, about ſuch things; for the ſubli- 
mity of the ſubject may render miſtakes the more Enn AN becauſe dif- 
ficult to be avoided; and our own ſharing in the inability of penetra- 
ting ſuch abſtruſe things, ſhould keep us from being over-confident, that 
we, alſo, may not be miſtaken ; and incline us to (tolerate other men's 
—_— about matters wherein ourſelves have only opinion, not 
cience. 

But, I muſt not be underſtood to ſpeak againſt all framing of negative 
propoſitions, about ——.— things; my deſign being to diſſuade from do- 
ing it haſtily: for, ſometimes, tis much more eaſy and ſafe, to deny things, 


« be ſeen; for all diſtributions of light, 
40 K optical artifices, are excluded. 
« The thing, however, is plain matter of 
« falt;” as he ſhews, by lining a globe 
of glaſs, in part, with melted ſealing- wax, 
common ſulphur, or melted pitch, and gi 
ving it a circular motion; for when his 
hand was then applied to the lined part, 
he diſtinctly, and perfectly ſaw the ſhape 
and figure thereof, upon the concave ſur- 
face of the wax, c. within. Hence that 
Gentleman thinks it may be uſeful to ob- 
ſerve, ©* that why odd effects, and ap- 


pearances, ag 


the poſſibility where- | 


« of, men may ſeem to argue oy — 
« fibly, and to find downright abſurdi- 
© ties, and contradictions in, may yet be 
* brought about by the genuine force 
« of nature, acting in convenient circum- 
« ſtances, upon proper and ſuitable bo- 
« dies; and therefore, that e ſhould 
« not, upon ſuch occaſions, proceed to 
« conclude too mptorily, what may, 
© or may not be done; and think that every 
difficulty, or apparent impoſſibility to 
« us, is & real one to nature.” See 


Hawksb, Experiment. p. 167.171. & p. 268. 
than 


. _ 


be privileg d. Nor are all thoſe worthy of this title, that are by many Pursics. 
—— and embraced as philoſophical myſteries ; ſuch as ſubſtantial LFVWNY 


rivileg'd 4 ſecond rule. | 
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Pnrsics. than to affirm them to belong to a ſubject that ſurpaſſes our reaſon. And, 
de obſervation may be of uſe, eſpecially in two caſes; one, when the 


A third rule for 


2nd of 


veaſon. 


the Mo 


negative, we aſſert, is grounded not upon axioms taken from the uſual 
courſe of nature, or upon propoſitions dubious, or remote from the firſt 
principles of knowledge ; but upon either univerſal, or metaphyſical axi- 
oms ; or elſe upon truths manifeſtly lowing from ſome clear, tho' inade- 
quate notion, we have of the nature of the things we treat. The other 
caſe is, when we have a clear and ſufficient proof by revelation, or other- 
wiſe, of the poſitive attributes of the things we contemplate ; for then 
we may ſafely deny of that ſubje&, any other thing that is really incon- 
ſiſtent with the poſitive attribute. Upon which account, tho' we do 
not fully comprehend what, God is, yet knowing by the clear light of 
nature, that he is a Being intelligent, and infinitely perfect, we may ſafely 
deny, againſt Epicurus, Vorſtius, and Mr. Hobbs, that he is a corporeal ſub- 
ſtance ; as alſo that he is mortal, or corruptible. 

3dly, A matter of fa&, or other propoſition about privileg'd things, be- 
ing prov'd by arguments competent in their kind, we —_ not to deny. 
it 1 8 19 we cannot explain, or, perhaps, ſo much as conceive 
s of it. 

I have obſerv'd a want of clearneſs in ſeveral diſcourſes, where the 
term Modus has been employ'd. Sometimes we would deny by it, ſo much as 
a poſſibility that one thing can belong to, or be truly ſaid of another; as 
vi 10 we ſay, we underſtand not how one creature can create another, or 
how there can be a line that is neither ſtrait nor crooked, or a finite whole 
number that is neither even nor odd. But moſt commonly we mean, by 
our not underſtanding the Modus of a thing, that we do not clearly and di- 
ſtinctly conceive after what manner the property, or other attribute, of a 


ſubject belongs to it, or performs its operations. The firſt kind may be 


call'd a poſſible Modus, and the other an actual Modus. Now in both the 
foregoing acceptations of the term, we may find inſtances fit for our pre- 


ſent purpoſe. For we cannot imagine, how a ſhort line, or other finite 


quantity, ſhould be endleſly diviſible; or, on the contrary, how infinite 
parts ſhould make but a finite total: and yet geometry conſtrains us to ad- 


mit that it is ſo. But tho' there be few inſtances of this kind, yet of the 


other ſort of our ignorance of the Modus of things, there may be found 
more inſtances than we could wiſh there were ; for even in natural and 
corporeal things, the eager diſputes of the beſt philoſophers, and the in- 

enuous confeſſion of the moſt judicious and moderate, ſufficiently mani- 
teſt, that as yet we know not the manner of operation, whereby ſeveral 


bodies perform, what we well know they bring to paſs. And not to enter 


into thoſe nice and tedious diſputes, about the cauſe of the coheſion of the 


parts of matter in the ſmalleſt, moſt principal, and moſt primary bodies ; 


erhaps the way whereby the rational ſoul exerciſes any power over the 
uman body, and the way whereby the underſtanding and the will a& 
upon one another, have not yet been intelligibly explain'd by any. The 
like 1 may fay of the phenomena of the memory; eſpecially in thoſe who 
are 
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are eminent for that faculty. *Tis hard to conceive, how in ſo narrow a Parsics. 
* as part of a human brain, there ſhould be ſo many thouſand di: 


ſtinct cells or impreſſions, as are requiſite to harbour the characters or 
ſignatures of ſeveral languages, each of them conſiſting of many thou- 
ſand different words; beſides the images or models of ſo many thou- 
ſand faces, ſchemes, buildings, and other ſenſible objects, and the ideas of 
ſo many thouſand notions and thoughts, and the diſtinct traces of multi- 
tudes of other things: and how all theſe ſhall, in ſo ſmall a ſpace, have 
ſuch deep and laſting impreſſions made for them, and be oftentimes lodg'd 
ſo exactly in the order wherein they were at firſt committed to the memory, 


that upon a ſudden command of the will, or a {light caſual hint, a whole 
ſett of words, things, and circumſtances, will in a trice, as it were, ſtart 


up, and preſent themſelves, even in the very ſeries, order, and manner, where- 
in they long before were ranges. And I doubt not, that beſides thoſe 
abſtruſe things, about the Modus of which, the more candid philoſophers- 
have confeſs 4 

of, if we did but as fully and impartially inquire into the nature of all 
the things we think we know. And conſidering the yet depending diſ- 
putes between philoſophers and mathematicians, about the nature — place 
and motion, which are things obvious and familiar to us; one might, 
without other inducements, be inclined to think, we ſhould find many dif- 


ficulties in many other ſubjects, wherein we do not now take notice of. 


any, if we particularly ftudied their nature; and that our acquieſcing in 
what we have learn'd about many things, proceeds not from our greater 
knowledge of their nature, but from our having exerciſed leſs curioſity 
and attention in conſidering it. And if in things corporeal, that are the 
familiar objects of our ſenſes, we are often reduced to confeſs our igno- 
rance of the Modus of their exiſting, or operating; it will not be denied, 
that to a Being wholly unapproachable by our ſenſes, natural philoſophy 
may be allow d to aſcribe ſome things, whoſe Modus is not attainable by 


our underſtanding : as the divine preſcience, which, as twere impious to 


deny, fo, I fear, tis impoſſible to explain, as to the Modus of it. 
And, perhaps, upon the ſame grounds, tis as inconceivable, that God 
ſhould ſee our thoughts, as how he can know our outward actions; for 


ſince we have no way of diſcerning the particular motions of mens bodies, 


but by ſome of our ſenſes, eſpecially our ſight ; and ſince thoſe ſenſations 


themſelves neceſſarily require organs duly conſtituted, that is, made up of 


ſeveral parts, framed, and join'd together after a determinate manner ; I 


ſee not how we can explain the perception of viſible objects, without an. 


eye, or ſo much as any corporeal organ or ſubſtance ; eſpecially, ſince tis 
very juſtly aſſerted, that the deity is not united to any portion of matter, 
as the human ſoul is to the human body. | 

We do not, however, deny to God either the power of moving matter, or 
that of perceiving all its motions ; for which there is ſome poſitive proof, 


competent in its kind, For if there be an effect, that we diſcern muſt. 


proceed from ſuch a cauſe or agent, we may conclude, that ſuch a cauſe. 


there 


their ignorance, there would others have been taken notice 
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- Parsics. there is; tho' we do not particularly 
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conceive how, or by what operation, 


tis able to produce the'acknowledg'd effteft. Thus tho' a man, otherwife 


A fourth rule. 


of 'g judgment, being wholly a ſtranger to mathematics, cannot con- 
——— a Skilful aftremomer! ond, xs ears before-hand, foretel 
eclipſes to a day and hour, and perhaps to a few minutes; yet when the 
ſucceſs, as it often happens, verifies tuch predictions, he will be ſatisfied 
that the maker of them had the skill to foreknow the things foretold in 
them. And ſo the generality of learned men among us, who are not much 
acquainted with that part of navigation, which ſome moderns call Limen- 
euretica, or the art of ſteering to harbours, cannot well conceive how a 
ſhip that is, for inſtance, in the vaſt Atlantic ocean, above a thouſand miles 
from any ſhore, ſhould be ſo directed, as to arrive juſt at a little harbour, 
not cannon-ſhot over; which perhaps neither the pilot, nor any other 
in the ſhip, ever ſaw. And yet, as little as we diſtinctly conceive how 
ſuch an art of finding ports can be framed, we ſcruple not to allow there 
is ſuch an one, becauſe navigators to the Eaſt and Weſt-Indies could not, 
without it, find the remote ports they are bound for. 

There is a ſecond ſort of poſitive proofs, conſiſting of thoſe conſequences 
that are clearly and juſtly drawn from any maniteſt, acknowledg'd, or 
already demonſtrated truth. To this belong ſeveral mathematical propo- 
ſitions and corollaries; which, tho' being nakedly propoſed, they ſeem in- 
credible to the generality of learned men, and ſometimes to mathematicians 
themſelves, are yet fully aſſented to, becauſe they clearly follow from 
either manifeſt or demonſtrated truths. Thus, many cannot conceive 
how 'tis poſſible there may be millions of circles, whoſe circumferences 
ſhall each of them come nearer and nearer to another, and to a ftrait line 
aſſign d; and yet none of them touch, and much leſs cut either any other 
circle, or that line, but in the ſame point : and yet this is one of thoſe odd 
propoſitions that geometricians have rightly deduced, as corollaries from 
a propoſition of Euclid, And, tho' we cannot clearly conceive, how two 
lines, that, at their remoteſt ends, are but little diſtant from each other, 
ſhould perpetually incline to each other, without ever meeting; yet geo- 
metricians, that is, the moſt rigid reaſoners we know of, have been com- 
pell'd to admit this in the conchoid of Nicomedes. 

4thly, When we treat of privileg'd ſubjects, we are not bound to 
wn 4 every thing falſe, that ſeems to oppoſe ſome receiv d dictate of 
reaion. | 

For, it being evident, that a great part of the dictates of reaſon are ne- 
gative, and that negative propoſitions uſually ſpring from the repugnancy we 
judge ſome things have to a poſitive dictate of reaſon ; if cholk poſitive di- 
ctates contain but gradual and limited truths, and come to be unduly ex- 
tended to privileg d ſubjects, it may very poſſibly happen, that a thing, 
really true, will appear falſe, if judg d of by its agreement to one of thoſe 
limited, and but reſpective dictates. Tis alſo clear, that, in natural 
philoſophy, the uſual ground on which we reject many things, is, that we 
Judge them unintelligible. And, I cenſure not the practice in — 
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think it may eaſily miſlead us, when extended to things that apparently Pursics. 


tranſcend our reaſon, as, for ought yet appears, ſome of the modus's, even 
of things corporeal, are found to do. And, we ſometimes think we have 
made compleat enumerations of the ſeveral ways of the exiſtence of an at- 
tribute in a ſubject, or of the operation of one thing upon another, 
when, indeed, we have over-look'd one or other of them ; and, perhaps, 
that which we have thus omitted, may be the true one; tho", poſſibly, no 
attention, and diligence of ours, could, in ſome caſes, have ſerv'd the 
turn; the Modus inquired after, being not conceivable by us, tho it may 
be by a higher than a human intellect. 

The ſchool-philoſophers, for many ages, in the catalogues they made 
of the means of a body's working upon another at a diſtance, did not 
think of the true ways by which odours and ſounds are communicated to 
us; and therefore had recourſe to certain unintelligible things, which they 
call'd intentional ſpecies. But the moderns acknowledge, that odours are 
communicated by effluvia exhaled from the odorous body, and fitted to 
affect our noſtrils; and that ſounds are tranſmitted to the ear, by the un- 
dulating motion which the air is put into by the impulſe of the vibrating, 
or otherwiſe agitated parts of the ſonorous body. 

And ſuppoſing the reaſonable ſoul to be an immaterial ſubſtance ; tho", 
men think they have ſufficiently expreſs'd the ways of determining the 
motion of a body, by ſaying, that the determination muſt be either in 
the line wherein the impellent made it move, or in the line wherein it 
was determin'd to move by the ſituation of the reſiſting body; yet the 
motions of the animal ſpirits, if not alſo ſome other internal parts of the 
body, may, the body being duly diſpoſed, be determin'd by the human 
will; which is a way quite different from the other. And how the power 
of determining the motion of a body, without any power to impart motion 
to that body, ſhould belong to an immaterial creature, which has no cor- 

real parts to reſiſt the free paſſage of a body, and thereby change the 
ine of its motion; is not yet, nor, perhaps, ever will be, in this life, clear- 
iy conceyed by men: tho? there is no doubt, that he who endow d the 

oul with this attribute or power, perfectly underſtands both how it exiſts 
in the ſoul, and how the ſoul, by exerting it, operates on the body. 

Iam, however, in no wiſe againſt — — opinions that are found con- 
trary to thoſe rules of reaſon, at the framing of which, the things in que- 
ſtion were duly conſider d: but in caſes not thought on, when ſuch rules 
were deviſed, we are not always bound to ſubmit to be judg'd by them; 
and to maintain an opinion unconformable to ſuch a rule, may be not to 
2 a genuine and abſolute dictate of reaſon, but to rectify one 
that is erroneouſly thought ſo; by ſhewing that the rule is expreſs d in 
more general and indefinite terms than it ought to have been. And, doubt- 
leſs, of two opinions, that is the moſt rational, which is moſt agreeable to 
thoſe rules of reaſon, which are framed upon the fulleſt information. Tis 
eaſy to ſee, that in the rule I propoſe, very few of the caſes occurring in 
* 1— or even in = philoſophers, will be at all con- 

vol. | | . 


cern d- 
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Paysrcs. cern'd. And in thoſe few caſes; wherein I intend the rule ſhould take 


3 


—5 I obviate inconveniencies by a double caution. The firſt, by ſup 

g that the opinion, which claims an exemption from the common rules, 
It not an arbitrary or precarious tenet, but ſufficiently made out by pro- 
per arguments: and the ſecond, by declaring that *tis not to contradict 
Tight reaſon, but bad reaſoners, to give limitation to rules which have been 
too haſtily framed and conceived, in too general terms, by men who either 
were not competently inform'd of the variety of particulars, when they 
took upon them to make analyſes and enumerations ; or elſe preſumed to 
infer, that a thing was not, becauſe they did not underſtand the Modus of 
its exiſtence or operation. And I have often thought, that the canſes of 
the great clamour that is made againſt ſome men, for not obſequiouſly ſub- 
mitting to what ſome others call the rules of reaſon, are, that men do not 
ſufficiently underſtand the nature of things, and of themſelves ; but enter- 
tain too narrow conceptions of the former, and too high an opinion of the 


f * | 
Reaſer, what? Reaſon is often taken for a ſett of notions and propoſitions, employ'd 


place; as, when a bottle of wine is carried from the cellar to the table: 


and acquieſced in by this or that ſort of reaſoners, who receive names 
from this or that particular diſcipline, as aſtronomy, chymiſtry, optics ; 
of whoſe receiv'd doctrines they are ſuppoſed to be intirely maintainers. 
But it is alſo, with at leaſt as much propriety, uſed to ſignify the rational 
faculty itſelf, furniſh'd with the light that accompanies it, when it is 
rightly diſpoſed and inform'd. In the firſt of theſe two ſenſes, it ſeems 
but equitable to allow, that ſome things ought not to be judg'd by all 
the ſame rules employ'd to judge other things by; for ſome of theſe 
rules were framed upon a ſlight conſideration of common and familiar 
things, either by the vulgar, or by men who, for want of skill or applica- 
tion of mind, did not critically regard the diſtinct natures of things; and 
yet preſumed to ſettle rules, which other mens inadvertence or lazineſs has 
made them receive for certain dictates of reaſon : whereas, other natures 
ſhould have been then conſider'd, as well as thoſe ; but not having been ſo, 
the rules I ſpeak of, are not always proper and ſafe, when applied to 
theſe overlook'd natures. Thus, ſucceſſive Doings, as time and local mo- 
tion, in ſome caſes require to be eftimated by other meaſures than ſub- 
ſtances, whether material or incorporeal. And fo, likewiſe, the more nice 
metaphyſicians, eſpecially among the moderns, have thought themſelves 
obliged to diſcourſe of modus's, relations, privations, extrinſecal denomi- 
nations, Oc. in a very different way from that which belongs to bodies and 
ſpirits ; tho' the unskilful are ſtill apt to confound all theſe ſubjects, by 
applying to them, indiſcriminately, the ſame rules, or, as they imagine, 
dictates of reaſon. 

The generality of philoſophers, after Ariſtotle, conceive place to be the 
immovable and immediately contiguous concave ſurface of the ambient 
body; ſo that tis a kind of veſſel, which every way contains the body 
lodg d in it; but with this difference, that a veſſel is a kind of moveable 


bur 
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but place an immoveable veſſel, or a veſſel conſider d as immoveable. Physics. 
Now as.” rg g, with Ariſtotle, and the generality of philoſophers, the ple- LFWN, 


nitude of the world; it may be truly ſaid, that all plants, animals, mine- 
rals, ſtars, and other bodies, are each of them in ſuch an Ariſtotelian place; 
whence it has been uſually affirm'd, that what is in no place, is not at all: 
yet it appears not, how the outermoſt heaven can be properly {aid to be in 
a place; ſince theſe philoſophers, aſſerting the world to be finite, muſt grant 
there is no ambient body withour it, to contain it. And if the outermoſt 
heaven ſhould be impell'd, by the power of God, in a ſtrait line this way 
or that way, there would enſue a motion without change of place ; for the 
outermoſt heaven was in none before, and does not, by its progreſſion, 
come to be contained by a new ambient body. And in this caſe, even ac- 
cording to thoſe modern favourers of Ariſtotle, who approve Des Cartes's 
definition of local motion, the world may be faid to move, without changing 
place; for it does not paſs from the neighbourhood of ſome bodies to that 
of others ; ſince comprizing all bodies, and yet being bounded, there is no 
body for it to leave behind, nor any beyond, for it to approach : and there- 
fore, tho' every particular body in the univerſe is naturally capable of 
local motion, yet the univerſe itſelf is not; and tho' every particular body 
in the world has ſome determinate figure, yet the world itſelf, if it be, ac- 
cording to the Cartefians, indefinite, has none. 

Ariſtotle, and the philoſophers ſince his time, have generally admitted 


the diviſion, eftabliſh'd by him, of all Beings into ſubſtance and accident ; 


and accommodated their rules to one of them, or to both. But Gaſſendus, 


and his followers, have introduced a third ſort of Beings, as not being 
either ſubſtances or accidents. Of this kind of things, they make place 
or ſpace to be ; for they will not allow it to be a ſubſtance, becauſe it is 
neither body nor ſpirit ; but only ſomewhat that has a — to receive 
or contain bodies; and would ſubſiſt, tho God ſhould annihilate all the 
ſubſtances he has created. And, for the ſame reaſon, it is not to be call'd 
an accident, ſince that neceſſarily requires a ſubſtance to reſide in; where- 
as, in caſe of the annihilation of the world itſelf, and conſequently all the 
ſubſtances that compoſe it, their place or ſpace would ftill remain, and be 
capable of admitting a new world of the lame extent; if God ſhould be 
pleaſed to create it: whence Gaſſendus wittily infers, that bodies are ra- 
ther accidental in reſpe& of ſpace, than ſpace in reſpect of bodies. But 
he who ſhall, with an heedful and unprejudiced eye, ſurvey the ſeveral 
hypotheſes, or ſyſtems, maintain'd by the different ſects of . philoſophers, 
may find, that tho the inſtances will not be all of them the ſame, yet there 
are none of theſe ſyſtems, wherein there may not be obſerv'd ſomething 
or other, whereto every one of the rules, which reach to the other ſub- 
jects treated of in that philoſophy, cannot ſafely be applied. And, indeed, 
the mind of man being, naturally, far more deſirous to know much, than to 
take the pains requiſite to examine whether it does ſo or not; is very apt to 
think, that any ſmall number of things it has not diſtinctly conſider d, 
muſt be of the ſame WW reſt, Wr 
2 | 


* 
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Pnrsics. the ſame kind. For by thus eaſily attaining to the knowledge of things, 
the mind gratifies, at once, both its vanity, and its lazineſs ; looking up- 
on theſe concluſions, as marks of the excellency of its rational faculty ; 
whilſt they rather proceed from a want of the due exerciſe of it. 
The internal Bur, ſince there is no progreſs ad infinitum in the Criteria of truth; and 
bight of t* fince our faculties are the beſt inſtruments that God has given us, to 
diſcover, and to examine it by; I think, a clear light, or evidence of per- 
ception, ſhining in the underſtanding, affords us the — aſſurance we 
can have, in a natural way, of the truth of the judgments we paſs upon 
things. And, it is not by induction, but by evidence, that a ahi no- 
thing but truth follows from truth. By which it appears, that the innate 
light of the rational faculty, is more primary than the very rules of rea- 
ſoning; ſince, by that light, we judge even of this axiom, which is itſelf 
the grand principle of reaſoning by inference. And, as the underſtand- 
ing 1s uſually look'd upon to be the eye of the mind, there is this analogy 
between them, that there are ſome things which the eye may diſcern 
mechanically, or by the help of inſtruments; as when it judges a line to 
be ftrait, by the application of a ruler to it, or to be perpendicular, by 
the help of a plumb-line ; or a circle to be perfect, by the help of a pair 
of compaſſes: but there are other things which the eye perceives and 
judges of immediately, by intuition, — without the help of organs, or 
inſtruments; as when, by the bare evidence of the perception, it knows, 
that this colour is red, and that blue; that ſnow is white, not black; and 
a coal, black, not white. For, thus there are ſome things, which the intel- 
lect uſually judges of in a kind of organical way; that is, by the help of 
certain rules, or hypotheſes, ſuch as are a great part of the theorems, and 
concluſions in ohilofophy, and divinity; but there are others, which it 
knows without the help of theſe rules, more immediately, and, as it were, 
intuitively, by evidence, or perception; as that © two contradictory pro- 
poſitions cannot both be true; that from truth, nothing but truth can 
juſtly be deduced,” Cc. Tis alſo, upon this evidence of perception, that 
we receive, with an undoubted aſſent, many primitive ideas and notions ; 
ſuch as thoſe of extended ſubſtance, or body; diviſibility, or local motion, 
a ftrait line, a circle, &c. 

And, it ſeems to me, that the internal light, which the author of na- 
ture has ſet up in the mmd of man, qualifies him, if he makes a right uſe 
of it, not only to apply the inſtruments of knowledge, bur alſo to frame, 
and to examine them. For, by the help of this light, the underſtanding 
is enabled to look about, and both to confider a-part, and compare toge- 
ther, the natures of all kind of things ; without being neceſſitated to employ, 
in its ſpeculations, the rules, or dictates of any particular ſcience, or diſci- 
pline; being ſufficiently aſſiſted by its own light, and thoſe axioms and notions 
that are of a general nature, "5 rpetual truths ; and ſo, of a higher or- 


der than the dictates or rules of any particular, or ſubordinate ſcience, 
or art. And, by theſe means, the underſtanding may perceive the imper- 
fection and falſity of ſuch rules, or theorems, as thoſe men who * Tug 
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higher, nor further than their own particular ſcience, or art, embrace Payscs: 
for certain and unqueſtionable. us, philoſophers obſerving, that 


they could frame a clear notion of a thing, without conſidering, whether it 
were actually in being, or not; or even when they ſuppoſed, that twas not 
actually in being; as we can frame a clear conception of a roſe in winter, 
when there are none to be found growing; and have a notion of a myriagon, 
tho', very likely, there is no ſuch figure really exiſting in the world ; men 
have generally concluded, that the eſſence of things is different, and ſepa- 
rable — their exiſtence: yet, when we conſider, that God is a Bei 
infinitely perfect; and, that actual exiſtence Oy a perfection, muſt be- 
long to him; we may, by the ſame light of reaſon, that dictated eſſence 
and exiſtence to be two ſeparable things in all other Beings, difcern, that 
they muſt be inſeparable in God; and, conſequently, that the fore-men- 
tion'd rule, thoꝰ more general than almoſt any other, is not abſolutely uni- 
verſal, but muſt be limited by the light of reaſon. And thus, alſo, phi- 
loſophers conſidering, that not only all ſorts of bodies, but the immaterial 
ſouls of men, are endow'd with qualities, which are accidents, haye inclu- 
ded it in the. very notion of a ſubſtance, to be the ſubje& of accidents. 
But the free intelleR, finding in itſelf a notion of an abſolutely perfect, and, 
therefore, exiſtent Being ; and conſidering that to be the ſubject of accidents, 
is not a thing agreeable to the higheſt perfection poſſible, it concludes, 
that in God there are no accidents. And this concluſion has been embra- 
ced as a part, not only of chriſtian, but of natural theology; and main- 

tain'd, by ſeveral philoſophers themſelves, upon — . and other 
merely rational grounds. In ſhort, the native light of the mind may ena- 
ble a man, who will make a free, and induſtrious uſe of it, both to paſs 
a right judgment of the extent of thoſe very dictates, that are commonly 
taken for rules of reaſon; and to frame others on purpoſe for privileg d 
things. 


5thly, Where privileg'd things are concern'd, we are not bound to re- 4 $fth re. - 


ject, as falſe, whatever we know not how to reconcile with ſomething 
that is true. 


I think, it will not be doubted, that there are, or may be conceiv'd, . 


ſtrait lines, whereof one is a hundred, or a thouſand times longer than 


another; tis alſo generally granted, that a longer line conſiſts of, or may. 
* 


afford more parts, than a ſhorter : and, laſtly, tis generally acknowledg' 


that no number can be greater than infinite. Now, I ſhould gladly ſee 

theſe propoſitions reconciled to the demonſtrations of geometricians, about 

the endleſs diviſibility of all ftrait lines; whence they deduce, that tho“ 

1 of them contains, 

or may afford, infinite parts. I am far from affirming, that one truth can 

really contradict another; yet, I think, that which 1s but gnome or li- 
* 


they be very unequal among themſelves, yet the ſhorte 


mited truth, may, in ſome few caſes, be irreconcileable, 
_ abſolute and univerſal truth. We may diſtinguiſh thoſe propoſitions, we 
call true, into axioms metaphyſical, or univerſal, that hold in all caſes, with- 


out reſerve 3 and axioms collected, or emergent ; by which, I mean ſuch 
a8 


us, to an 
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* 


Things above RE ASO, con ſader d. 
agree in ſome- 
thing common to them all. And ſome of theſe, tho they be ſo general, that, 
in the uſual ſubjects of our reaſoning, they admit of no exceptions, yet may 
not be abſolutely, and without limitation, true. Of this we have an inftance, 
even in that axiom which, almoſt, all natural philoſophers have ſuppoſed, 
and built on, that ſomething cannot be made out of nothing; which, tho 
atleaſt, one of the higheſt, or gradual truths, may yet not be univerſally 
true; ſince, for ought we know, God, who is acknowledg'd a Being infi- 
nitely perfect, may poſſeſs, and have exercis d the power of creating. 
And, in fuch caſes as this, not to be able to reconcile a truth, concerning 
a privileg d thing, with a propoſition that generally paſſes for true, will 
not prefently oblige us to reject either propoſition, as falſe ; but, ſome- 
times, without deftroying either, only to give one of them a due limita- 
tion, and reſtrain it to thoſe ſorts of things, on which *twas at firſt ground- 
ed; and to which twas, becauſe of man's ignorance, or inconſiderateneſs, 
not at firſt confined. And, if the miracles vouch'd for any religion, be 
any of them granted true, it cannot well be denied, that phyſical 
itions are but limited, and ſuch as I call collected truths; being 
gather d from the ſettled phenomena of nature, and liable to this li- 
mitation, or exception, that they hold, only where the irreſiſtible power 
of God, or ſome other ſupernatural ageat, is not interpos'd, to alter the 

courſe of nature. | | 
Now, the reaſon why we judge things are repugnant, being, that the 
notions, or ideas we have of them, ſeem to us inconſiſtent ; if either of 
theſe notions be wrong framed, or be judg'd of, by an unfit rule, we 
may think thoſe propoſitions to be contradictory that really are not. Thus 
thoſe uſed to employ their imaginations about things, which are the proper 
objects of the intellect, are apt to pronounce others to be inconceivable, 
only becauſe they find them unimaginable ; as if the fancy, and the intel- 
left, were faculties of the ſame extent. Upon which account, ſome have 
ſo groſly erred, as to deny all immaterial ſubſtances ; and choſe, rather, 
ſo far to degrade the Deity itſelf, as to impute to it a corporeal na- 
ture, than to allow any thing to have a being, that is not comprehenſible 
by their imagination ; which themſelves acknowledge to be but a corporeal 
faculty. But, beſides this miſtake of things repugnant, which ariſes from 
the miſapplication, or miſmanagement of our — faculties, there may 
be another, that proceeds from the imperfection, and limitation of our un- 
derſtanding; which being unable to judge of privileg d things, as it does 
of other objects, may, ſometimes, be unable to diſcover the reconcileable- 
neſs, which a more illuminated, and penetrating faculty, may diſcern. 
This may be illuſtrated, by what uſually happens at ſea, where there is a 
free proſpect; when, looking towards the main, the sky, and the waters, 
ſeem to meet at the edge of the ſenſible horizon; tho, indeed, they are as 
far diſtant, as the heavens from the earth. On the other hand, if you skil- 


fully mix together, the dry and fine powder of orpiment, and that of 
indigo, you will produce a green colour, as is known to painters; where- 
; in 
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in the eye takes notice but of an uniform mixture, in which it diſtinguiſhes Physics. 


neither blue, nor yellow; but if you look on this mixture thro? a microſcope, 
the former colour diſappears, and you will plainly ſee, inſtead of it, blue 
and yellow grains of the powder, diſtinct from one another. Theſe in- 
ſtances may ſerve to ſhew the weakneſs of our viſive 1 of and the lat- 
ter of them teaches, that a thing may appear one and different, as tis 
look'd upon by a more or leſs diſcerning eye. But an inſtance, more to 
our preſent purpoſe, is afforded by yellow diamonds, which, becauſe of 
their colour, the generality of goldſmiths take to be counterfeit gems ; 
tho' very skilful lapidaries will, by ſure ſigns, diſcover, and acknowledge 
them to be rrue diamonds. Whence we learn, that a more skilful judge 
may diſcern an agreement in things that almoſt all other men think they 
ſee manifeſtly to be of different natures. | 

I have, alſo, ſeveral times obſerved, that men judge two things to be 
irreconcileable, not only when they are both of them repreſented to the 
underftanding in the form of propoſitions, but when one of them is only 
a notion, or a current definition. For ſeveral of theſe notions contain in 
them a propoſition, or are equivalent to it: as, when a circle is defined 
to be a figure contain'd by a line, all whoſe parts are equally diſtant from 
a point in the middle; this definition contains an affirmation of the eſſen- 
tial property of a circle ; which, by the | nag of geometricians, is, there 
fore, diſtinguiſh'd from that conic ſection they call an ellipſis; tho that 
be alſo a figure terminated by one curve line. 


But, if a man has not genuine, and adequate notions of the things he 


judges of; he may confidently, and even upon very probable grounds, 
take things to be inconſiſtent, that, in reality, are not ſo. If an ordinary 


mathematician ſhould hear one man ſay, that ſuch a figure is an ellipſis, 


and another affirm it to be a circle; he would think their aſſertions to be 
inconſiſtent, having his mind prepoſſeſſed with an ellipſis being a conic 
ſection, whole properties muſt, therefore, he ſuppoſes, be very different 
from thoſe of a circle ; whereas, ſuch wary geometricians, as the learned 
Dr. Wallis, will tell him, that the vulgar notions of conic ſections are not 
adequate to the figures producible by them. *Tis true, when a right 


cone 1s cut quite thro by an inclining plane, the figure produced by the 


ſection, agrees well with the receiv'd notion of an ellipſis, in which the di- 
ameters are of an unequal length; yet if the plane cut the cone parallel to 


the baſis, that conic ſection will be a true circle, having all its diameters 


ual. 


upon which I have obſerv'd, not only logicians, but philoſophers them- 
ſelves, to err about judging things reconcileable, or inconſiſtent ; that if 
a man be not ſufficiently acquainted with the nature of either of the two 
things under conſideration, he may think there is a contradiction between 
them, when there is none to a ſuperior underſtanding. For, taking it 
for granted, that he knows one thing for a truth; if ſome other thing be 
affirm'd to be ſo, which he has not skill enough to fee how —— to 


*Tis, indeed, an uncommon, and unheeded account, but ſuch an one 


* 
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Pars1cs. the other; no wonder, how well ſoever this may be evinced, that he ſhould 
sas little know how to admit, as how to reject it. Thus, a novice in arith- 
metic, for example, finding that, according to his rules, there is not one 

mean proportional number between 4, and 32, will ſcarce be able to re- 

concile: that propoſition to this other, that there are two mean propor- 

tionals between the ſame numbers; for he may, with a great appearance of 

reaſon, ask how, if there be not ſo much as one mean proportional, there 

can be two? whereas, thoſe who are acquainted with the nature of ranks, 

or ſeries of numbers, proceeding in geometrical proportion, will eaſily diſ- 

cern, that between thoſe two, both the number 8, and the number 16, 

are proportionals. Thus, if an old ſchool-philoſopher, or a mathemati- 

cian, not acquainted with the later diſcoyeries made by teleſcopes, ſhould 

hear one man ſay, that the moon is the moſt enlighten'd when ſhe appears 

Full to us; and another affirm, that ſhe is more enlighten'd at the new 

-moon than at the full : he would readily conclude, upon the ſuppoſition 

that the moon receives all her light immediately from the ſun, that the 

latter affirmation cannot be true; which, yet, he would not conclude, if he 

knew that the moon is as well enlighten'd by the earth, as the earth by the 

moon: upon which account, as at the full ſhe receives but thoſe rays 

that come to her directly from the ſun ; at the change, ſhe receives both 
them in that part of her body turn'd to him, and thoſe other beams of his, 

which are reflected from the terreſtrial globe to that part of the moon that 

is neareſt to us. And thus, alſo, before the time of Pythagoras, not only 

the vulgar of the Greeks, but their philoſophers, and mathematicians too, 

often obſerving, that a bright ſtar preceded the riſing ſun; and that, fre- 

quently, likewiſe on other days, after ſun-ſet, another ſtar appear d, which 

was none of the fixed ones ; they, confidently, concluded, from the diſtant 

times of apparition, that the ſun was attended by two different ſtars ; to 

which, accordingly, they gave two different names : but Pythagoras, (who 

| was a far better aſtronomer, as appears among other things, by his main- 
taining, in thoſe early times, the motion of the earth about the ſun) un- 
dertook to diſabuſe them, and effected it. Now, if one who had obſerv'd 
Venus, only in the morning, ſhould have affirm'd, that, beſides the fix 
known planets, there was a ſeventh, Phoſphorus, which preceded the riſing- 
ſun; and another, who had taken notice of her only in the evenings, 
ſhould aſſert, that, beſides the ſame ſix known ones, the only ſeventh was 
Heſperus, which, ſometimes, appear'd after his ſetting 3 a by-ſtander would 
preſently have concluded, that their aſſertions were not reconcileable, ei- 
| Ther to one another, or to the truth; which, in his judgment, was, that 
there muſt be no leſs than eight viſible planets. Yet Pythagoras, who had 
more skill, diſcern'd, and taught, that theſe two phenomena were pro- 
duced by one and the ſame planet, Venus, determin'd, by its peculiar mo- 
tion about the ſun, to ſhew itſelf near our horizon, ſometimes before he 
aſcends it, and ſometimes after he had left it. Such inſtances as theſe, 
tho offer d but as illuftrations, may diſſuade us from being too forward 
to reject every propoſition that we ſee not how to reconcile to what we 


take 
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take for a truth; provided the diſtruſted propoſition be ſuch as we would Paysrcs. 
acquieſce in, if we could reconcile it to the ſuppoſed truth. _, 

pon the whole, it appears, that when two propoſitions are laid down, 

one whereof is made evident to us by experience, or by reaſon, acting 
within its own juriſdiction, or compaſs; and the other ſufficiently 
prov'd, by being mathematically demonſtrated, or duly atteſted by divine 
revelation ; we ought not to reject either of theſe propoſitions as no truth, 
merely becauſe we do not yet know how to reconcile them : but we ſhould 
rather think, that the collected propoſition is only a gradual, or limited 
truth; or elſe conſider, that we knowing but ſo imperfectly as we do, 
the particular natures of privileged ſubjects, there may, poſſibly, be a 
ſuperior intellect, able to diſcern an agreement between what is deliver d 
about that ſubject, and the affirmation which ſeems repugnant to it; tho 
we are not quick-ſighted enough to perceive this agreement. 

Nor will this doctrine, if duly limited to the ſubjects wherein alone 
I would have it admitted, expoſe us to have falſtties impoſed. on us at T 
the pleaſure of bold, and di ting men. For, if neither of the things be 
privileged, but both in the juriſdiction of ordinary reaſon ; I require, 
that the propoſitions framed about them, be eſtimated according to the 
common dictates of reaſon. And, even in caſes where one of the pr 
ſitions is about a privileged thing; I do not at all think fit, that it ſhould 
be receiv'd, in ſpite of its being repugnant to the gradual truth deliver'd 
in the other; unleſs it can, by tome other argument, ſufficient in its kind, 
be prov d to be true. Thus, tho men know not how to reconcile the li- 
3 of their own will with the infallible knowledge that God has of 
thoſe actions that flow from it; yet they have unanimouſly judg'd it rea- 
ſonable to believe both free will, and preſcience: the former, becauſe they 
felt it in themſelves; and the latter, becauſe the fore- knowledge of things, 
being manifeſtly a perfection, ought not to be deny d to God, whom they 
look d upon as a Being ſupremely perfect; and becauſe ſome actions, and 
events, that they all judg'd to low from mens free will, were, as the ge- 
nerality believ d, foretold by prophetic oracles. But, ſince we have ſcarce 
any way of diſcovering a falſity, but by its being repugnant to ſomewhat 
that is true; to deny, that, in caſes within the juriſdiction of ordinary 
reaſon, the repugnancy of a propoſition to any manifeſt truth ought to 
ſway our judgments, were to deprive us of the moſt uſeful criterion to 
diſtinguiſh between truth and falſhood. c 

Laſtly, in privileged things, we ought not always to condemn that opi- The Hu and 
nion which is liable to ill conſequences, and encumber d with great incon- — * — 
veniences, provided the poſitive proofs of it be ſufficient in their kind. bove reaſon. 

That this rule may be the more eaſily admitted, I ſhall, ſeparately, 
ſuggeſt three things, which, I deſire, may be, afterwards, conſider'd all 
together. 

irſt, clear poſitive proofs, proportionate to the nature of things, are 

genuine, and proper motives to induce the underſtanding to aſſent to a 

Vor, II. Gg pro- 
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P as true; ſo that tis not always neceſſary to the evidence, and 

rmneſs of an aſſent, that the underſtanding takes notice of the conſe- 

s that may be drawn from it, or the difficulties where with it may 

be encumber'd. This is plain in thoſe aſſents which, of all others, merel 
natural at leaſt, are, by knowing men, thought to be the moſt — . 
and the beſt grounded; I mean, the aſſents that are given to the truth of 
geometrical demonſtrations: yet Euclid, for inſtance, in all his elements 
of geometry, in ſome of which ſurprizing paradoxes are deliver'd, con- 
tents himſelf to demonſtrate his aſſertions in a mathematical way; and 
does not anſwer, or take notice of any one objection. And the geome- 
tricians of our days think they may ſafely receive his propoſitions upon the 
ſtrength of demonſtrations annexed to them, without knowing, or trou- 
bling themſelves with the ſubtilties employ'd by the ſceptic Sextus Em- 
piricus, or others of that ſect, in their writings againſt the mathematicians, - 
and all aſſertors of aſſured knowledge. 

The ſecond thing I would offer, is, that we have ſhewn there are ſome 
things which our imperfect underſtandings either cannot, or, at leaſt, do 
not perfectly comprehend ; and that nevertheleſs men have not refrain'd 
from n to dogmatize, and frame notions and rules about ſuch 
things, as if they underſtood them very well. Whenge it muſt needs 
come to paſs, that if they were miſtaken, as in things ſo abſtruſe 'tis v 
likely they often were; thoſe who judge by the rules they laid down, — 
conceive the propoſitions ite to their miſtakes to be liable to very 
great, if not inſuperable difficulties and objections. | 

Thirdly,” as we need not wonder that privileg d things, which are uſu- 
ally ſo ſublime, as to have been out of the view of thoſe who framed the 
rules whereby we judge of other things, ſhould be thought liable to great 
objections by them who judge of all things only by thoſe rules; ſo we 
ſhould not require or expect more evidence of a truth relating to ſuch 
things, than that there are for it ſuch ſufficient poſitive reaſons, as not- 
withftanding objections and inconveniencies, make it, upon the whole, 
worthy to be embraced. 

Euclid, indeed, beſides that more ſatisfactory way of direct probation, 
which perhaps he might have oftener employ'd than he did, has ſometimes, 
where he thought it needful, had recourſe to a way of arguing to an ab- 
ſurdity. But in theſe caſes, he never goes out of the diſcipline he treats 
of; and confining himſelf to arguments drawn from quantity, he urges 
nothing as abſurd, but what is undeniably 32 to ſome truth he 
had already demonſtrated, or to thoſe clear and undiſputed definitions, 
axioms, or Poſtulata, which he ſuppoſes to have been already granted by 
thoſe he would convince. Bur tho” he thus argues, to prove that *his 
readers cannot contradict him without oontradiäti themſelves; yet we 


find not that he was at all ſolicitous to clear thoſe difficulties, that a man 
fo quick ſighted could not but know ſome of his theorems were attended 
witch; but he is contented to demonſtrate the mcommenſurability of n 
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fiele and diagonal of a ſquare, without troubling himſelf to take notice of Paysrcs- 


the ſeeming abſurdities that attend the endleſs diviſibility of a line, which 
would follow'from what'he demonſtrated. 

"Tis true, about ſome-priviteg'd things there are, and about ſome others 
there may be, contradictory opinions maintain'd. Now, as both of theſe 
cannot be true, one of them muſt be ſo ; as, tho it be hotly diſputed whe- 
ther quantity be endleſly diviſible, yet certainly it either muſt, or muſt not 
be diviſible without end : and, as was formerly obſerv'd, which fide ſoever 

ou take, the inconveniencies will be exceeding great ; and, perhaps, there 
will lie objections againſt it ſcarce to be directly anſwer'd. And ſince one of 
the two oppoſite opinions muſt be true, it will not always be neceſſary that 
an opinion muſt be falſe, which is encumber'd with great difficulties, or lia- 
ble to puzzling objections. And, therefore, if the poſitive proofs on one ſide 
be clear and cogent, tho' there be perplexing difficulties objected by the 
other; the truth ought not, for their ſake, to be rejected: becauſe ſuch 
difficulties proceeding, uſually, either from notions that men preſume to 
frame abour things above their reach, or from rules that were not made 
for ſuch points as are in diſpute ; the objections are not to be judg'd ſo 
well founded, as is that acknowledg'd principle in reaſoning, © from 
truth nothing but truth can be juſtly infer's.” 

I confeſs, I have always thought it reaſonable, in ſuch caſes, to com- 
pare as well the poſitive proofs of one opinion with thoſe of the other, 
as the objections that are urg d on either ſide; and thence make my eſti- 
mate, upon the whole, tho with a peculiar regard to that opinion which 
has a great advantage in point of poſitive arguments; becauſe thoſe are, 
unqueſtionably, the proper inducements to aſſent. And, then, the ob- 
jections may well enough be ſuſpected to proceed from the abſtruſe nature 
of privileged things, and the great narrowneſs of the rules whereby men 
uſually judge of things. For we may have a ſufficiently clear proof, 
that a thing is, whilſt we have no ſatisfactory conception of its manner 
of exiſting, or operating ; our infer'd knowledge being clearer, and ex- 
tending farther, than our intuitive, or — 2 knowledge. 

But, even about things that we cannot ſufficiently underſtand, we 
may, in ſome caſes, exerciſe our reaſon, in anſwering objections that are 
thought unanſwerable, becauſe not directly. ſo. For we may, ſometimes, 
ſhew, by framing in another caſe a like argument, which the adver- 
ſary * confeſs does not conclude well; that neither does the argument, 
containing his objection, conclude right. 

However, we muſt not expect to be able, as to privileged things, and 
the propoſitions that may be framed about them, to reſolve all difficul- 
ties, and anſwer all objections; ſince we can never directly anſwer thoſe 
which require for their ſolution a perfect comprehenſion of what is in- 
finite. As a man cannot well anſwer the objections that may be made 
againſt the Antipodes, the doctrine of eclipſes, that of the different phaſes 
of the moon, and of the long days and nights cf ſome months near the 

Gg 2 poles, 
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YN) the ſphere, and ſome other principles of coſmography, and aſtronomy. 
So that where privileged things are concern'd, clear and poſitive argu- 
ments ought to be of * weight, in favour of the opinion they conclude 
for; even when, on t agg ſide, we may diſcourſe ourſelves into 


ſuch difficulties, as perplex, and, perchance, puzzle our limited under- 
ſtandings. | 


THE 
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reſurrection of the dead, which the chriſtian religion teaches, .be 
to believe an wp win ? 

I do not pretend, that the reſurrection is a thing knowable, or di- 
rectly — by the mere light of nature; nor that it may poſſibly 
be e by mere phyſical agents: ſo that, treating of the poſſibility of 
the general reſurrection, I here take it for granted, that God has been 
pleaſed to promiſe and declare, that there ſhall be one; and that it ſhall be 
effected, not according to the ordinary courſe of nature, but by his own . 
immediate power. | 

It. muſt alſo be obſerved, that the reſurrection taught by the chriſtian 
religion, is not here meant, in ſuch a latitude, as to comprize all that any 
particular church, or ſect of chriſtians, much lefs what any private wri- 
ter hath taught about it ; but only what is plainly deliver'd as to this point, 


in the ſcripture. 
I muſt Firther premiſe, that *ris no eaſy matter to determine what is Llextity 5 the 
abſolutely neceſſary, and but ſufficient to make a portion of matter, con- H of 
ſider'd at different times, or places, fit to be reputed the ſame body. That | 
the generality of men, in vulgar diſcourſe, allow themſelves a great lati- 
tude, in this caſe, will be eaſily granted, by him who obſerves the re- 
ceiv'd forms of ſpeaking. Thus Rome is ſaid to be the ſame city, tho? it 
hath been often taken, and ruin'd by the Barbariaus, and others. Thus, 
an univerſity is ſaid to be the ſame, tho ſome colleges fall to ruin, and 
new ones are built; and, tho” once in an age, all the perſons who compos d 
it, are ſucceeded by others. Thus, the Thames is {aid to be the ſame ri 
ver, that it was in the time of our fore-fathers; tho indeed, the * 

: | 4 


T H E queſtion, I here deſign to conſider, is, Whether to believe the Preiminery o- 
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Thus phnloſdphers, arid phyſicians diſagree about water; and ice; ſonie ta- 
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that now runs under London-bridge, is not the ſame that ran there an 

hour ago, and is quite other than that which will run there an hour hence. 

2 flame of a candle, is Taid to be the fame, for many hours to- 

gether, tho it, indeed, be every minute a new body; and tho the kindled 
icles that compoſe it, at any time aſſign'd, are continually putting 

off the form of flame, and are repair d by a ſucceſſion of the like. 

Nor is it by the vulgar * the notion of identity has been hard 
to be obtain d; for, it ſeems, that even the ancient philoſophers have been 
puzzled about it; witneſs their diſputes, whether the ſhip of Theſeus were 

the ſame, after it had been ſo far repair d, from time to time, to preſerve it 
as a: monument, that ſcarce any plank remain d of the former timber. And, 
even, in metaphyſics, I think w no eaſy task, to eſtabliſh a true and ade- 
vate notion of identity; and clearly to determine, what is the true principle 
ani a fu iin fof, Fim ey mi, 
ho thinks, conceives in his mind, chis, or that quality, relation, o 
of qualities, to be that which is eſſential to a certain body, and proper to 
give it a peculiar denomination ;*whereby it comes to paſs, that, as one man 
chiefly reſpects this thing, and another that, in a body that bears ſuch a name; 
To one may eaſily look upon a body as the ſame, becauſe it retains what he 
-chiefly .confider'd in it; whilſt another thinks it to be chang'd, becauſe it 
has loſt that which he thought was the denominating quality, or attribute. 


king the latter to be but the former diſguiz d; becauſe they are of 
them cold, and ſimple bodies; and the latter — reducible to the former, 
by being freed from the exceſſive adventitious degree of coldneſs; whilſt 
others, looking upon fluidity, as eſſential to water, think ice, upon account 
of its ſolidity, to be a diſtinct ſpecies of body. And ſo the Peripatetics, and 
chymiſts often diſagree about the aſhes and Calces of burnt: bodies; the 
firſt referring them to earth, becauſe of their permanency, and fixedneſs; 
and many chymiſts taking them to be bodies ſui generis, becauſe common 
aſhes uſually contain a cauſtic ſalt; whereas earth ought to be inſipid. And, 
the hke may be ſaid of ſome wood-aſhes, and lime-ſtone, and even coral; 
Which when well calcin'd, and freſh, have a pungent raft : beſides, ſome 
of them, tharare inſipid, may be eafily reduced into metals, as the Calces 


ef lead and copper. 5 r 
©" Theſe difficulties, about the notion of identity, being obſerv'd, will ren- 


2 «der it ſeſs ſtrange, that, among the ancient Hebrews and Greeks, whoſe lan- 


In che next place, I obſerve, we may, agreeably with ſcripture, 22 
75 


Nase were ſo remote, in ſeveral reſpects from ours, the familiar expreſ- 
„ employ'd about the fameneſs of a body, ſhould not be 20 
Pp va 


as thoſe who maintain the reſurreRion, in the moſt rigid ſenſe, w. 


them. (4 
Fete, that a comparatively ſmall quantity of the matter of a 

being increas d, either by aſſimilation, or other convenient appoſirion 
parts, may bear the name of theformer body; as a large crop of corn, 
ariſing from a comparatively ſinall quantity of ſeed ſown. oo 
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And, here it may be proper to mention an experiment, made by two Pursics. 
acquaintance: of mine, men of great veracity and judgment; who bot 


aſſured me, that having ſown' in a garden, fome aſhes of a plant, like our 
Eugliſh red POPPY; they, ſooner than was expected, produced certain plants, 
larger and fairer than any of that kind, which had been ſeen in hol parts. 
Now, this ſeems to argue, that in the faline and earthy, that is, the fix'd 
particles of a vegetable, that has been diſſipated, and deſtroyed by the vi- 
olence of the fire, there might remain a plaſtic power, enabling them to 
contrive diſpos'd matter fo, as to re-produce ſuch a body as was formerly 
— 2 But, to this plaſtic power, reſiding in any portion ot the de- 
ſtroy 


body itſelf, it will not, perhaps, be neceſſary to have recourſe, in 
our preſent underta king; ſince an external, and omnipotent agent, can, 


without it, perform all that I need contend for. 


To come, then, to a more cloſe conſideration of thoſe difficulties; Def oje- 


tion againſt 


which are ſaid to demonſtrate the impoſſibility of the reſurrection. — x BY 


*Tis ſaid, when a man is once really dead, many parts of his body will, 


according to the courſe of nature, reſolve themſelves into multitudes of 
ſteams, that wander m the air; and the remaining parts, which are either 
liquid, or ſoft, undergo fo, great a corruption, and change, that tis not 


poſſibie; ſo many ſeatter d corpuſcles ſhould be again brought together, . 


and re- united, after the ſame manner wherein they exiſted in a human 


body, whülſt it was yet alive. And, ſay they, much more impoſſible is 
ir, to eſſect this re- union, if the body have been, as. it often happens, de- 


2 dy wild beaſts, or fiſh;; ſince, in this caſe, tho* the ſcatter d cor- 
cles 


of which they now make a ſubſtantial part. 


Let, far more impoſſihle will this rene wal be, if we put the caſe, chat 


the body was devoured by Camibals; for then, the ſame fleſh, belonging 
ſuceeſſively to two different perſons, tis impoſſible that both ſhould have 


it reſtored to them at once; or, that any footſteps ſhould remain of the 


relation it had to the firſt poſſeſſor. 


the carcaſs might be recover d, as particles of matter; yet, 
ving already paſs d into the ſubſtance of other animals, they are quite 
tranſmuted by the new form of the beaſt, or fiſh, that devour d them; and 


But, in anſwer to this grand objection, I have ſeveral things to uf 


offer. 
And, 1ſt, A human body is not like a ſtatue of braſs, or marble, that 
may continue, as to ſenſe, whole ages, in a permanent ſtate; but is in a 
tual flux, or changing condition; ſince it grows, in all irs parts, and 


al its dimenſions, from. a corpuſcle no bigger than an inſe&, to the full 


ſtature of a man ; which could not. happen but by a conſtant appoſition, 


and aſſimilation of new parts, to the primitive ones, of the little embryo. 


And ſince men, as other animals, grow but to a certain degree, and till a 
certain age, and therefore muſt diſcharge a great part of what they eat 


and drink by inſenſible perſpiration, which Sauctorius's ſtatical experiments, 


and mine, aſſure me to be ſcarce. credibly great, as to men, and ſome other 
animals, both hot and cold; it will follow, chat in no very ** : 
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Let tis confi the 
as I found, not only by ſome chymical trials, but by the skulls and other 


- Phyſical Conſideratiun | 
of time; a large part of the ſubſtance of a human body, muſt. be changed. 
der le, that the bones are of « fable add laſting texture; 


bones of men, whom hiſtory records to have been kill'd an exceeding long 
time ago. | ne 
2405 There is no determinate bulk, or ſize, neceſſary to make a human 
body paſs for the ſame; and a very ſmall portion of matter, will ſome- 
times, ſerve the turn. Thus an embryo, for inſtance, in the womb, a new-born 
child, a man at his full ſtature, anda decrepit, aged perſon, notwithſtanding 
the vaſt difference of their ſizes, are ſtill reputed to be the ſame perſon; as is 
evident by the cuſtom of crowning kings and emperors in the mothers 
womb; and by Ens malefactors . in their old age, for crimes 
* 


committed in outh. And, if a very tall, and unwieldy fat man, 


ſhould, as it ſometimes ha s, be reduced by a conſumption, almoſt to a 
skeleton; yet none would deny that this waſted man, were the ſame with 


him that had once ſo vaſt a body. cm ; 

- 34h, A body may either conſiſt of, or abound with ſuch corpuſcles, as 

may be variouſly aſſociated with thoſe of other bodies, and exceedingly 

diſguized by the mixtures, yet retain their own nature : and of this, we 

haye various inftances in metals. Thus gold, for example, when diſſolv d 

in. Aqua regia, paſſes for a liquor; and, when dextrouſly 

ted, appears a ſalt, or vitriol ; by another alteration, I have made it 
the fewel of a flame.; being dextrouſly conjoin'd to another mine- 


ral, it may be reduced to glaſs; well precipitated with mercury, it makes 


a glorious tranſparent powder ; 1 with ſpirit of urine, or oil 
* tartar per deliquium, it makes a fulminating calx, that goes off very 
eaſily, yet is far ſtonger than 2 precipitated with another cer- 
tain alkali, the fire turns it to a fix d and purple ca. But notwithſtand- 


ing all theſe, and various other diſguizes, the gold retains its nature, as 


may be prov'd by chymical operations, - eſpecially by reductions. And 
mercury, is of a more changeable nature than gold; ſometimes purting 
on the form of a vapour; ſometimes appearing in that of an almoſt in 

pid water ; ſometimes afſuming the form of a red powder ; ſometimes that 


ola white, or yellow one; of a cryſtalline ſalt ; of a malleable metal; 
and of what not? Yer, all theſe are various dreſſes of the ſame quick- 


* 
-_ 


filver, which a skilful artiſt may eaſily make it put off, and appear again 
in its native ſhape ”. . 0 e. 
3 


If groſs bodies, and light, be mutually ] « fuſible, brittle tone ; and this ſtone re- 
convertible intoeach other, as Sir I. Newton turns into water by heut; and vapour 
ſeems to think they are ; what tranſmuta- | © returns into water by cold. Earth, by 
tions may there not be, in the compaſs of | © heat, becomes fire ; and, by cold, re- 


. natureandart ?Nature, asSir Iſaac obſerves, | © turns into earth. Denſe bodies, by fer- 


1 ad 


ſeemsdelighted with cranſmutations: *Wa- | ©* mentation, rarify into ſeveral ſorts of 
Ster ( ſays he) ſhe changes into vapour; | ** air ; and this air, by fermentation, and 
which is a ſort of air; and, by cold, | © ſometimes without it, returns intodenſe 
4 into ice; which is a hard, pellucid, | © bodies, Mercury ſornetimes appears in 
3 * 6 : - 


upon the RESURRECTION. 
Aud, cho ĩt be true, that inſtances of 
going ſucceſſive diſguizes, may be much 
nerals than vegetables and animals; yet there are ſome to be met with among 
theſe too: for, not to mention Hippocrates's affirmation, about purging a 
child with the milk of an animal, that had taken elaterium, I once, in 
Savoy, obſerv d all the butter, that was made in ſome places, during the 
fpring. ſeaſon, taſted very much of a certain weed, which, at that time, a- 
bounds in the fields there. And, conſidering how many elaborate altera- 
tions the rank corpuſcles of this weed muſt have undergone, in the va- 
rious digeſtions in the cow's ſtomach, heart, udder, c. and that after- 
wards, two ſeparations, at leaſt, were made; the one of the cream from 
the reſt of the milk; and the other of the unctuous parts of the cream, 
from'the ſerum; it will ſcarce be deny'd, that vegetable corpuſcles may, 
by affociation, paſs thro various diſguizes, without loſing ther nature; 
eſpecially ſince the eſſential attributes of ſuch corpuſcles, may remain un- 
deſtroy d, tho no ſenſible quality ſurvive, to make proof of it, as is afforded 
by our example in the offenſive taſt. And, es what we commonly 
ſerye on the ſea - coaſt, of the fiſhy taſt of thoſe ſea- birds, that feed only 
upon fiſh ; I purpoſely inquired of an obſerving man, wholived upon a part 
the Iriſo coaſt, where the cuſtom is to fat their hogs with a ſort ofſhell- fiſh, 
wherewith that place very much abounds, about the taſt of their pork ; and 
he aſſured me, * the fleſh had ſo ſtrong and rank a ſavour of the fiſh, that 
ſtrangers could not endure to eat it. There is a certain fruit in America, 
well known to our Engliſh planters, which many of them call the 2 
pear, whoſe very red juice, being eaten with the pulp of the fruit, of 
which it is a part, paſſes thro' the various ſtrainers, and digeſtions of the 
body, ſo unalter'd, as to render the urine red enough tg perſuade thoſe, 
who are unacquainted with this property, that they make bloody urine; as 
I have been ſeveral times aſſured, by unſuſpected eye-witneſſes. But, more 
odd is that, related by a learned man, who ſpent ſeveral years upon the 
Dutch and Engliſh plantations, in the Charibbe iſlands ; when ſpeaking of 


« the form of a fluid metal, and ſometimes | « into flies. All birds, beaſts, and fiſhes, 
« in the form of a hard, brittle metal; « inſe&s, trees, and vegetables, with their 
% ſometimes in the form of a corroſive, | © ſeveral gro out of water, and wa- 
« pellucid ſalt, called ſublimate; ſome- | ** try ti res, and ſalts ; and, by 
« times in the form of a taſtleſs, pellu | © Eon, return again into watry ſubſtan- 
« cid, volatile white earth, call d, Mer- | * ces. Water, ſtanding a few days, in 
« curines dulcis ; or, in that of a red, opake, | © the open air, yields a tincture, which 
volatile earth, call'd, cinnabar; or, in | © (like that of malt) by ſtanding ] X 
that of a red, or white precipitate ; or, | yields « ſediment, and a ſpirit 2 
« in that of a fluid ſalt : and- diſtillation | © Lefors putrefaction, is fit nouriſhment 
* turns it into vapour; und being agita- | ** for animals and vegetables. And, a- 
« ted in vacuo, it ſhines like fire. And, © mong ſuch various and ftrange tranſ- 
« after all theſe changes, it returns intoits | ** mutations, why may not nature c 4 
« firſt form of — Eggs ow from | © bodies into light, and light into bodies 

« inſenfible magnitudes, and change into Ne Optic. p. 349, 350. 48 11 
4 animals; tadpoles into frogs; and worm 77 8 | 
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th permanence of coryaſ s under- Purstes. 
ier found among metals and mi- LY 


uit et of thoſ 
are — vs pro's eo pr 


_ 

ys, chat, at the ſeafon when 

ſeed'on it, have bock their Reſt,” and far, of a violet colour, as experience 
witnefſeth ; which colour is the fame that the juice dyes. 1 the like 
ha s to the fleſh of parrots, and other birds, that f it. 
. that l may ren thi a 
ture, under various difguizes, proceed to t may 

of thoſe diſguizes ; or, to ſpeak without a meraphor, be extricated 5 x — 
thoſe comy wherein they are diſguized ; and, that, ſometimes, by 
fuch ways, — who are — to the Ne 


E nor will not, perhaps, judge probable, 


When 


Tho vitrification be look d upon, dy 9 as the ultimate action of 
the fire, and the moſt powerful way of „ inſeparable conjunctions 
of bodies; yet, een ee of ad of lead; for ance, made of and, and 
the aſhes of a metal ; (tho* the tranſmutation ſeems ſo great, that the 
dark and flexible metal, is turn d into a tranſparent, and brittle maſs) 
_ have recover'd opake, and malleable leable lead. And, tho there be ſe- 
90 K deſides precipitations, of divorcing ſubſtances, that ſeem 
— not inſeparably, united; yer, by precipitation alone, if a man 
haye the skill to chuſe proper precipitants, ſeveral ſeparations may be 
eaſily and thoroughly" made, that every one would not think of: for, 
tis not neceſlary, that, in all precipitations, as is obſery'd in moſt of the 
vulgar ones, the preeipitant ſhould, indeed, make a 3 of the diſ- 
foly'd body, from the maſs or bulk of that *hquor, or other adjunct, where- 
to *rwas before united, and not be able to perform this, without aſſocia- 
its own corpuſcles with thoſe of the body it ſhould reſcue, and fo 
making in ſome ſetiſe, a new and farther compoſition. That ſome bo- 
eee pirate others, wirchout uniting themſelves with them, is 
e d by the experiment of refiners in ſeparating ſilver from 
for the mixture diffoly'd in Aqua fortis, 81 the folntion 12 
Seen diluted, b = fifteen or twenty ones as 2 5 7 70 
ater, and yon put into this liquor a copper- plate, you uic 
E 4 you pic inp th 2 ple; noi tug 9 toi 
when gold is precipitated to make Aurum fulminans, or tin-glaſs, to make 
x fine white powder for a fucus; but in the form of a ſhining me- 
line = that needs no farther i hag be employ'd * 
er. Va proper precipitant, ve in a trice, red 
| large quantit ere ry, into running quick-ſilver. And, 
. ecipitants to the bodies they are to reco- 
nd u 


ky Thi, fight! ſing agents, may perform great matters in 


„ eee lie a while oil of vitriol, tha 

them now and then, it will mow hae . — dil, as ores he wo ie 
W Cen of without retaining ſo much as its ſmell, or without 

eſt ſign of there being camphire in that mixture ; yer that « vegrable 

e 
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ſubſtance, thus ſwallow d up and changed by one of the moſt fretting and Prynes: 

deftroying ſubſtances known in the world, ſhould not only retain the efſen- . 
tial qualities of its nature, but be reftorable to its obvious and ſenſible ones 

in a minute, and that by ſo unpromiſing a medium, as common water, 

will appear by pouring the ſolution into a large p ion of that fluid, to 
whoſe upper there will immediately riſe —— ſtrong· ſeented, 
and infla camphire, as it was before. „ 4 17 1 

Tis here a principal conſideration, that all bodies being but parcels of the 
univerſal matter mechanically diſſerent, they may ſuoceſſively put on forms, 
rw app my mama pr arr pert meer Freon 
firſt ; ir m ical properties alter d. 

That all bodies agree in one common matter, the ſchools themſelves 
allow; making what they call the Materia prima to he the common baſis of 
them all; and their ſpecific diſſerences to ſpring from their particular forms: 
and ſince the true notion of body conſiſts either alone in its extenſion, or in 
that and impenetrability together, it will follow, that the diſſerences which 
make the varieties of bodies we ſee, muſt not proceed from the nature of 
mere matter, of which we have but one uniform conception; but from 
certain attributes, ſuch as motion, ſize, poſition, &c. that we call mechanical 
aſſections. Hence a determinate proportion of matter being given, if we 
ſuppoſe chat an intelligent and otherwiſe duly qualify d agent were to watch 
this portion of matter in its whole thro' the various forms it is 
made to put on, till it eome to the end of its courſe or ſeries of changes; and 
that this intelligent agent ſhould lay hola of this portion af matter, cloth'd 
in its ultimate form; and, extricating it from any other parcels of matter 
where with it may be mix d, make it exchange its laſt mechanical propar - 
ties for thoſe which it had when this agent firſt began to watch it: in ſuch 
a caſe, I ſay, this portion of matter, how many changes and diſguizes ſo- 
ever it may have und in the mean time, will return to be what jt 
was; and if it were before part of another body to be reproduced, it will 
become ee of having the ſame relation to it, that formerly it had. 
Thus, fuppoſe a man to cut a large ſphere of ſoft wax into two equal 
parts, and of the one to make cones, cylinders, rings, ſcrews, Oc. and knead- 
ing the other with paſte, make an appearance of oakes, vermicelli, wa- 
fers, biskers, Oc. tis plain, that one may, by diſſolution, and other ways, 
ſeparate the wax from the paſte, and reduce it in a mould to the ſame hemi- 
ſphere of wax it was before; and ſo we may deſtroy all that made the 
other part of the wax paſs for cones, cylinders, rings, Cc. and reduce 
it in a mould to one diſtinct hemiſphere, ſit to be re- conjoin d to the other; 
and ſo to „ 5 ſphere of wax, as . 

ration was m to view precipitate, 
— think that art had here made a body — from 
common mercury; this being conſiſtent, like a poder, very red in colour, 
and purgative, and for the moſt part vomitive in operation, tho given but 
in the quantity of four or five grains: yet if you but᷑ urge this powder with 
a due heat; by putting * into a new and fit motion, 
* 2 you 
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lad to conſtitute the ſame man, notwithſtanding the vaſt differences of big- 


Phyſical ' Conſiderations © | 
you may're-unite them together, ſo as to re produce the ſame running mer- 


cury you had before the precipitate per ſe was made of it. | 


Ah, But the chriſtian doctrine doth not aſcribe the reſurrection to nature, 
or any created agent, but to the peculiar and immediate operation of God; who 
has declared, that he will raiſe the dead. Wherefore, when I mention chy mi- 
cal ways of recovering bodies from their various difguizes, I am far from deſi- 
ring, that ſuch ways ſhould be thought the only ones, or the beſt that can poſ- 
ſibly be employ d to ſuch an end. For, as the generality of men, without except- 
ing philoſophers themſelves, would not have believed or thought, that by eaſy 
chymical — bodies, which are reputed to have paſs d into quite another 
1 = . — — reſtored to — 3 — ſo, till 
chymiſtry, a r parts of natural philoſophy, be more ly un- 
derſtood, and ——— 'tis — chat we can ſcarce now ima- 
gine, what expedients to re-produce bodies, a further diſcovery of the 
myſteries of art and nature may lead us to. And much leſs can our ſlender 
k determine, what means, even of phyſical ones, the moſt wiſe 
author of nature is able to employ, to bring the reſurrection to paſs.; fince 
tis a part of the imperfection of inferior natures, to have but an imperfe&t 
pprehenſion of the powers of one that is incomparably ſuperior to them. 
A even among ourſelves, a child, who is endow'd with a reaſonable ſoul, 
cannot conceive how a geometrician ſnould meaſure inacceſſible heights and 
diſtances; much leſs, how a coſmographer can determine the whole com- 
pafs of the earth and ſea; or an aſtronomer ſhew how far tis from hence 
to the moon; and tell many years before-hand, what day and hour, and to 
What degree, ſhe will be eclipſed. And, indeed, in the Indies, not only 
children, but rational men, could not perceive how 'twas poſſible for the 
Europeans'to converſe with one another, by the help of a piece of paper, at 
a hundred miles diſtance; and in a moment produce thunder and lightning, 
and Kill men a great way off, as they ſaw done by guns; and much leſs, how 
they ſhould foretel an eclipſe of the moon, as Columbus did, to his 
advantage: which things made the [ndians, even the chiefeſt of them, look 
upon the Saniards as per ſons of more than human nature. Now, among thoſe 
ho have a true notion of a Deity, a Being both omnipotent and omni- 
ſeient, that he can do all, and more than all, * is poſſible to be perform d 
by any way of dif] of matter and motion, is a truth that will be rea- 
dily ackno d; ſince he was able at firſt to produce the world, and 
contrive ſome part of the univerſal matter of it, into the bodies. of the firſt 
man and woman. And that his power extends to the re- union of a ſoul 
and body, which have been ſeparated by death, we may learn from the ex- 
periments God has been pleaſed to give of it, both in the old teſtament and 
the new; eſpecially in the raiſing Lazarus and Chriſt again to life: of the lat- 
ter of which, particularly, we have proofs ſtrong en to ſatisfy any unpre- 
judiced perſon, who deſires but competent arguments to convince him. 
- Since then a human body is not ſo confined to a determinate bulk, but 
that the ſame ſoul being united to a portion of duly-organiz'd. matter, is 


ne 


upon thi" R'tSURRECTION. 


neſs that there may be, at ſeveral times, between the portions of matter Parscsi 
whereto the human ſoul is united: ſince a confiderable part of the human: 


body conſiſts of bones, which are bodies of a very determinate nature, and 
not apt to be deſtroy d by the ion either of earth or fire: ſince of the 
leſs ſtable, and eſpecially the fluid parts of a human body, there is a far 
greater expence made, 8 tranſpiration, than even philoſophers 
would imagine: fince*rhe ſmall particles of a reſolved body may retain 
their own nature, under various alterations and diſguizes, of which tis 

ble they may be afterwards ftript : ſince, without making a human 

y ceaſe to be the ſame, it may be repair'd and augmented by the adap- 
tation of fitly- diſpoſed matter to that which pre- exiſted in it: ſince theſe 
things are fo, why ſhould it be impoſſible, that a moſt intelligent agent, 
whoſe omnipotence extends to all that is not truly contradictory to the na- 
ture of things, or to his own, ſhould be able ſo to order and watch the 
particles of a human body, that of thoſe remaining in the bones, of 
thoſe that plentifully fly away by inſenſible tranſpiration, and of thoſe 
that are otherwiſe dilpoſed of upon their reſolution, a competent number 
may be preſerved or retrieved ; ſo that ſtripping them of their diſguizes, 
or extricating them from other parts of -matter, to which they may happen 
to be conjoin'd, he may re-unite them betwixt themſelves, and, if need be, 
with particles of matter fit to be intervoven with them; and thereby re- 
ſtore or reproduce a body, which being united with the former foul, may, 
in a ſenſe —_— to the expreſſions of ſcripture, re-compoſe the ſame 
man, whoſe ſoul and body were formerly disjoin'd by death. 

5thly, Hitherto we have taken the doctrine of the reſurrection in a more 

ſtrict and literal ſenſe, becauſe I would ſhew, that even according to that, 
the difficulties of anſwering what is mention'd againſt the poſſibility of it, 
are not inſu le; tho it would much facilitate the defence and expla- 
nation of ſo abſtruſe a thing, to allo, that as the human ſoul is the form 
of man, ſo that whatever duly=organizd portion of matter is thereto uni- 
ted, it therewith conſtitutes the ſame man; the import of the reſurrection 
is fulfill'd in this, that after death there ſhall be another ſtate, wherein the 
ſoul ſhall no longer perſevere in its ſeparate condition, but be again united, 
not to an ethereal, or the like fluid matter, but to ſuch a — as 
may, with tolerable propriety of ſpeech, be call d à human body. 

hey who aſſent to this account of the poſſibility of the reſurrection of 
the ſame bodies, will, I preſume, be mueh more eaſily induced to admit 
the poſſibility of the qualifications the chriſtian religion aſcribes to the glo- 
rified bodies of the raiſed faints. For, ſuppoſing the truth of the ſcripture, 
we may obſerve, that the power of God has already extended itſelf to the 

rformahce of ſuch things, as import as much as we need infer ; ſome- 

times by ſuſpending the natural actions of bodies upon one another, and 
ſometimes by endowing human and other bodies with preternatural qua- 
tities. And indeed lightneſs, or rather agility, indifference to gravity and levi- 
ty, incorruption, tranſparency, opacity, figure, colour, &c. being but mecha- 
nical aſſections of matter; it cannot incredible, that the moſt free and 
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HE eee I ſhall here doko eds f is, * a man 
he 8 virtuoſo, or experimental e withour forfeiting 
iſtianity. 
And firſt, tis certain, that a due courſe of experimental ' phi philoſophy, 
tly conduces to ſettle in the mind. a firm perſuaſion of the ex 
and ſeveral of the chief attributes of God ; which perfuaſion is, in 1 85 
order of things, the firſt principle of that natural religion, we allow as 
the very foundation of reveal d religion, in 
That the conſideration of the vaſtneſs, beauty, and regular motions of Þ r 
the heavenly bodies, the excellent ſtructure of animals and plant beſides 6:4 
a multitude of other ee of nature, and the ſubſerviency of moſt of 
theſe to man, ma y induce him, as 4 rational creature, to conclude, 


this yaſt, beauti orderly, and admirable ſyſtem of things, which 
we call the world, was framed by an author fupremely powe ooo. 


= 


and good, can ſcarce be deny d by nets telligent-and unprejudiced perfon. 
And this is y confirm'd by experience, which witneſſeth,” that in al- 
moſt all age countries, the N of philoſophers, and contem- 
lative men, "Wap perſuad ded of th 4 of a Deity from the cumſide- 
jon of the phenomena of the yni e N 8 a Perz they 
rationally concluded, could not be jut ly all [ct either to PM to any 


other cauſe than a divine 1-4 Wh 
But, tho God hath manifeſted Ude e 290 to fuch 42 Goader 
but ſu perficially, by ſtamping upon ſeveral of the more obvious parts of His 
works, N * conſpicuous 1 of his 5 75 „that a nice 2 
E un N and attention, may ſufflce to make men acknow- - 
Rage his being; yet his aſſent is preatly Ano to the 19 the 
fame objects are Htted to produce in him, who With care and skill 
conſiders them. For, the Works of God are ſo worthy, of their author, 
that, beſides the impreſſes of his wiſdom and goodneſs, lefr,” as it w 
upon their ſurfaces ; there are a great many more curious and excel] aint 
tokens, and effeCts of divine artifice, in the tidden and innermoſt receſſes 


of them : and theſe are not to de difcover'd by the (light glances of rhe 
lazy, 
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Pursics. lazy, and the ignorant; but require, the moſt attentive and prying in- 

WY ſpection of curious, and well quality d minds. And, ſometimes, in one 
of admirable things, that eſca 

A which yet are clearly diſcernible by that of a true na 

who brings with him, beſides a more than common curioſity, and atten- 


tion, a competent know of cs, coſmography, mechanics, 
and chymiſtry. In Bart, Cad l cr. * he 054 15 many things ap his viſible 
works, that the clearer light a man uſes, the more he may diſcover of 
their undbvious Na and &xattiieſs ; and the more fully, and diſtinctly 
diſtern thoſe) quialities that lie more concealed, | And the more wonderful 
_ things he Uiſcovers in the ey of nature, the more curmborating proofs 
he meets with to eſtabliſh, and enforce the argument drawn from the uni- 
verſe, and its parts, to demonſtrate, that there is a God : a propoſition 
of To vaſt a weight, and importance, t "That it ought to endear every thing 
da us, that is able to confirm it, and afford us new motives to acknow- 
* | . and adore, the divine author of things. 
2 ow, with hn to this matter, we may confidently Tay, that expe- 
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rimental philoſc a great advanta the: ſcholaſtic, For, in the 

= IS here th are, 9 aſcribed to dt; ſubſtantial 

forms, — real e the accounts of nature's works ma Ry be eaſily gi- 

= BY. EE 1 2 to — applicable on almoſt all occaſions. 

ire terms ne lige, nor conduct a man to 
F FO e The bee of . things, their manner of being 
7 — 24 l of « upon one * cr; an . conſequently,. are 
ve ulicient to Alete the 8177 wiſdom which the omiſcient 
* ee fabrics of bodies, and the well regu- 

3 5 motions OD ene ebnen parts. From the diſcern- 


hi 85, ng, perl it is, that there ariſes, by way of 

"thi hk i hic Ni nd ind. of An intelligent e iro 

8 1. divine artificer, and a juſt acknowledgment o 
pe e e 1 par that an eye is the organ * ſight, and 
LENT pe orm d by that faculty of the mind, which, nRion, 
3s call BE _ wil give à man but a ſorry account of the ee 
Jad. ner of 1 on itſelf, or * 
nd he who can take up with this eaſy 9 1 of viſion, 
Aude — . to beſtow: pains to diſſect the eyes of animals, or 
oy 2 7 5 gh 0: mathematicians, to underſtand the doctrine of it; ; 
ly, will. 1 ve mean thoughts of the contrivance of the 
| ED 1 8 KS kill of rtificer, in compariſon of the ideas that will 


apa by 5 Mo being thoroughly sid! 40 natomy, and 


nder the ſeveral; coats, ' humours, and 
wy e cal jnſtrument conſiſts: and, having 
Too 5 the figure, ſize, conſiſtence, texture, tranſparency, 
or Opacity, r and connexion of each of them, and how they are 

the whole, ey: 27 diſcover, 55 the laws of o Hide how 


e e Þ to receive the incident rays of light, 923 
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diſpoſe them in the beſt manner poſlible, to give a lively repreſentation of 
— objects of ſight. N Ce 
| *Tis eaſy to ſay, in general terms, that the world is wiſely framed ; but, 

I doubt, it often happens, that men confeſs the creatures are wiſely made, 
rather becauſe they, upon other grounds, believe God to be a wiſe agent, 
than becauſe ſo ſlight an account as the ſchool-philoſophy gives of particu- 
lar creatures, convinces them of any divine wiſdom in the creator. And 
tho' I am willing to grant, that ſome impreſſions of God's wiſdom are ſo 
conſpicuous, that even, as was faid before, a ſuperficial philoſopher may 
thence infer, that the author of ſuch works muſt be a wiſe agent; yet, 
how wiſe an agent he has in thoſe works exprefſed himſelf to be, none bur 
an experimental philoſopher can well diſcern. And *tis not by a flight 
ſurvey, but by a diligent, and skilful ſcrutiny, of the works of God, 
that a man muſt be, by a rational, and affective conviction, engaged to 
acknowledge, that the author of nature is wonderful in counſel, and 
< excellent in working.” | | 
2. After the exiſtence of the Deity, the next grand principle of natural The immertaliy 
religion is, the immortality of the rational ſoul ; the genuine conſequence —— 
whereof is, the belief, and expectation, of a future, and everlaſting ſtate. 
For this important truth, many arguments may be alledged, to perſuade 
a ſober, and well-diſpoſed man to embrace it: but, to convince a learned 
adverſary, the ſtrongeſt argument that the light of nature ſupplies us 
with, ſeems to be that afforded by real philoſophy. For this teacheth us 
to form true, and diſtinct notions of the body, and the mind; and thereby 
manifeſts ſo great a difference in their eſſential attributes, that ſhews the ſame 
thing cannot be both. This it makes out more diſtinctly, by enumerating 
ſeveral faculties, and functions, of the rational ſoul ; ſuch as, to under- 
ſtand, and that ſo as to form conceptions of abſtract things, of univerſals, 
of immaterial ſpirits, and even of that infinitely perfect one, God himfelf : 
and alſo, to conceive, and demonſtrate, that there are incommenſurable 
lines, and ſurd numbers; to form chains of reaſoning, and draw both 
cogent, and concatenated . inferences about theſe things; to expreſs 
intellectual notions, pro re natd, by words, or — ſigns, to other 
men; to exerciſe free-will about many things; and to make reflections 
on its own acts, both of underſtanding, and will. For theſe, and the like 
tives, that are peculiar to the human mind, and ſuperior to any 
thing that belongs to the outward ſenſes, or to the imagination itſelf, ma- 
nifeſt, that the rational ſoul is a Being of an higher order than corporeal ; 
and, conſequentiy, that the ſeat of theſe ſpiritual faculties, and the 
ſource of theſe operations, is a ſubſtance, that, being in its own nature 
diſtinct from hae is not naturally ſubject to periſh with ĩt. SO 
And, with regard to this truth, our virtuoſo hath an advantage of a 
mere ſchool-philoſopher. For, being acquainted with the true and real 
cauſes of putrefaction, and other phyſical kinds of corruption; and 'there- 
by diſcerning, that the things which deſtroy bodies, are the avolation, or 
. . uch a depraving Wr 
VOI. 1 
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Pursics. of the component portions of matter, as is. altogether unſuitable to the 


* 


man's mind is j 
"ſubſtantial forms are, as they ſpeak, educed out of the power, or poten- 


e, and nical modification, eſſential to a body of that pos, 
or kind, whereto it belongs; he plainly perceives, that theſe cauſes 
deſtruction can have no place in the rational ſoul ; which being an imma- 
terial ſpirit, and, conſequently, a ſubſtance not really diviſible, can have 
no expell'd, or tranſpoſed. ; and ſo being exempted from the phy- 
ſical cauſes of corruption, that deſtroy bodies, it ought to laſt always. 
And, being a rational creature, endow d with internal principles of acting, 
as appears in free-will, it ought to live for ever, unleſs it pleaſe God to 
annihilate it; which we have no reaſon to ſuppoſe he will do. On the 
other hand, the modern Peripatetics maintain Abaatial forms, by ſome of 
them, ftiled Semi ſulſtantiæ; to which, in apes, elephants, and others, that 
for ingenious animals, they aſcribe ſome ſuch faculties, and functions, 
as ſeem to differ only in degree from thoſe of the rational ſoul; but, how 
innocent ſoever their intentions may be, their doctrine tends greatly to 
weaken the chief erer way of proof, from whence the immortality of 
y inferr d. For ſince, according to the Peripatetics, 


tiality, of the matter; and ſo 7 our it, not only as to action, but 
as to being, that they cannot at all ſubſiſt without it; but when the parti- 
cular y, as an herb, a ſtone, or a bird, is deftroy'd, they periſh with 
it; I think they give great advantage to atheiſts, and cavillers, to oppoſe 
the immortality of the mind. | nel ch' 

For if to an ape, or other brute. animal, there a Being more 
noble than matter, that can actuate, and inform it, make itſelf the 
architect of its own manſion, tho ſo admirable as that of an ape, or an 
elephant ; if this Being, ca, in the body it hath framed, perform all the 
functions of a vegetable ſoul ; and, beſides thoſe, ſee, hear, taſt, ſmell, 
imagine, infer, remember, love, hate, fear, hope, expect, c. and yet 
be a mortal thing, and periſh with the body ; 'twill not be difficult for 
thoſe enemies of religion, who are willing to think the ſoul mortal, to 
Macy, that human minds are only a more noble, but not leſs mortal kind 
of ſubſtantial forms: as, amongſt ſenſitive ſouls themſelves, which they 
acknowledge to be equally mortal, there is a great diſparity in degree ; that 
of a monkey, for inſtance, being very far ſuperior to that of an oyſter. 


4 thebeliefof 3. A third chief principle of natural religion, and, conſequently, of re- 
af In veal'd religion, whe * the former as its — is a belief of 


the divine providence. in this article, as well as in the two 
foregoing, a man may be much confirm'd by experimental philoſophy ; both 
as it affords him poſitive inducements to acknowledge the article, and as it 
ſhews the 2 improbability of the two principal grounds, on one or 
other of which is founded the denial of God's providence. 

A virtuoſo, who, by manifold and curious experiments, ſearches deep 


into the nature of thin „ has great, and iar advan to diſcover, 
and obſerve, on fable of the — tis — — 
gate of the ſeveral creatures that compoſe it; and to take notice in its 


pax- 
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particular parts, eſpecially thoſe that are animated, of ſuch exquiſite con- Parsics. 
trivances, and ſuch admirable co-ordinations, and ſubordinations, in re 


ference to each other, as lie hid from thoſe who are not both attentive, and 
skilful. When our virtuoſo contemplates the vaſtneſs, ſcarce conceivable 
ſwiftneſs, and yer conſtant regularity, of the various motions of the ſun, 
moon, and other celeſtial lights; when he conſiders how the magnetiſm 
of the earth makes its poles conſtantly point the ſame way, notwithſtand- 
ing its various motions ; how, by daily turning about its own centre in 
four and twenty hours, it receives as much light, and benefit from the 
ſun, and all the glorious conſtellations of the firmament, as if they, with 
all the vaſt heavenly region they belong to, mov d about it in the ſame 
time; how, by its ſituation among them, it enjoys the regular viciſſitudes 
of day and night, ſummer and winter, Oc. how the ſeveral parts of the 
ſublunary world are mutually ſubſervient to one another, and moſt of 
them ſerviceable to man; how excellently the bodies of animals are con- 
trived ; what various, and ſuitable proviſion is made for different animals ; 
how admirable, and aſtoniſhing a proceſs is gone through in the forma- 
tion of the foetus ; how various animals are endow'd with ftrange inſtincts, 
whoſe effects, ſometimes, ſeem much to ſurpaſs thoſe of reaſon itſelf: 
when, I ſay, a philoſopher duly reflects on theſe things, and many others of 
the like import, he will think it highly rational to infer from them theſe 
three concluſions. | 

Firſt, that a machine immenſe, beautiful, well contrived, in a word, 
ſo admirable as the world, cannot have been the effect of mere chance, 
or the tumultuous juſtlings, and fortuitous concourſe of atoms; but muſt 
= been produced by a cauſe, exceedingly powerful, wiſe and bene- 

cent. 

Secondly, that this moſt powerful author, and contriver of the world, 
hath not abandon'd a work ſo worthy of him, but ftill maintains, and 
preſerves it; ſo r row... the finpendonſly ſwift motions of the great 

obes, and other vaſt ma E _ 2 8 whe pos 

an t irregularity, diſorder ſtem uni an 
— ms a chaos, or Sand ſtate hs, | 

Thirdly, that as it is not above the ability of the divine author, though 
a ſingle Being, to preſerye, and govern all his viſible works, how great 
and numerous ſoever ; ſo he thinks it not below his dignity, and majeſty, 
to extend his care, and beneficence to icular bodies, and even to the 
meaneſt creatures; 1 not only for the nouriſhment, but for the 
propagation of ſpiders, and ants themſelves. And, indeed, ſince the 
truth of this aſſertion, that God governs the world he has made, would 
appear by the conſtancy, and regularity, and aſtoniſhingly rapid motions of 
the vaſt celeſtial bodies, and by the long trains of as admirable artifices 
employ d in the propagation of various ſorts of animals; I ſee not why it 
ſhould be deny'd, that God's providence may reach to his particular works 
here below, eſpecially to the nobleft of them, man; ſince moſt of thoſe 
who deny this, as derogatory to * majeſty, and happineſs, acknow- 

12 & ledge, 
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ledge, that, at the firſt formation of things, the great author of them muſt 
not only have extended his care to the grand ſyſtem of the univerſe. in 
general; but allow d it to deſcend ſo low, as to contrive all the minute, 


and various parts, not only of greater, and more perfect animals, as ele- 
phants, whales, and men; but ſuch ſmall, and abject ones, as flies, ants, 
mites, Oc. which being manifeſtly propagated by eggs, laid by the female, 


cannot reaſonably be og the offspri 


putrefaction. Whence I 
gather, as from matter of that to be concern'd for the welfare, even 
of particular animals, as it is agreeable to God's wiſdom, and exuberant 
beneficence ; ſo it is not 9 to his adorable greatneſs, and 
majeſty. N 

And, ſince man is the nobleſt of God's viſible works; ſince my many 
of them ſeem made for his uſe ; ſince, even as an animal, he is wonderfully 
made, and curiouſly, or artificially wrought; and ſince God has both gi- 


ven him a rational mind, and endow'd it with an intellect, whereby he 
can contemplate the works of nature, and by them acquire a conviction of 


the exiſtence, and ſeveral attributes, of their ſupremely perfect author; 
and, laſtly, ſince God hath planted notions, and principles in the mind of 
man, fit to make him ſenſible, that he ought ro adore his maker, as the 
moſt perfect of Beings, the ſupreme Lord, and governor of the world; 
natural reaſon diCtates to him, that he ought to expreſs the ſentiments he 
has for this divine Being, by a veneration of his excellencies ; by grati- 
tude for his benefits; by humiliation, in view of his greatneſs, and ma- 


jefty : by an awe of his 1 by reliance on his power, and neſs ; 
wad 


in ſhort, by thoſe ſeveral acts of natural religion, that reaſon ſhews 

to be ſuitable, and, therefore, due to thoſe ſeveral divine attributes of his, 

which it has led us to acknowledge. oth 
And here I ſhall add, that, from the Carteſian principles, a double ar- 


gument may be drawn for divine providence. 


For, firſt, according to the Cartefians, local motion, which is the grand 
principle of all action among things corporeal, is adventitious to matter; 
and was, originally, produced in it, and is ſtill every moment continu'd, and 
preſerv d, immediately by God: whence it may be inferr'd, that he con- 
eurs to the actions of each particular phyſical agent; and, conſequently, 
that his providence reaches to all, and every one of them. 

And, ſecondly, the ſame Cartefians believe the rational ſoul to be an 


immaterial ſubſtance, really diſtinct, and ſeparable from the body. Whence 


1 infer, that the divine providence extends to 8 man; ſince, 


whenever an embryo, or little human body form'd in the womb, is, by 


being duly organized, fitted to receive a rational mind, God. is pleas d to 


create one, and unite it to that body. In which tranſaction, there ſeems. 
to me à neceſſity of a direct, and particular intervention of the divine 
power; fince I underſtand not, by what phyſical charm, or ſpell, an im- 
material ſubſtance can be allured into this or that particular embryo, of 
many that are, at the ſame time, fitted to receive a human ſoul; nor by 


durably 


what merely mechanical ties, or bond, an immaterial ſubſtance can be. 
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durably join d, and united, with a, corporeal one, in which it finds no 


parts to be faſten d upon by them. No better can I conceive, how a 
mere body can produce pain, pleaſure, Oc. by its own mere action, or 
endeavour to act on an immaterial ſpirit. No will the force of all this 
reaſoning be eluded, by ſaying, with ſome deifts, that, after the firſt for- 
— * the univerſe, all things are brought to paſs by the ſettled laws 
of nature. For tho this be confidently, and, not without colour, pre- 


tended; yet, I confefs, it does not ſatisfy me. For, not to mention the 


inſuperable difficulty there is, to give an account of the firſt formation of 
things, which many deiſts will not aſcribe to God; nor that the laws of 
motion, without which the preſent ftate, and courſe of the world, could 
never be maintain d, did not neceſſarily ſpring from the nature of matter, 
but depended upon the will of the divine author of things; I look upon a 
law, as a moral, not a phyſical cauſe; as being, indeed, but a notional 
thing, according to which, an intelligent and free agent is bound to regu» 
late its actions. But inanimate bodies are utterly incapable of under- 
ſtanding what a law is, or what it enjoins, or when they act conformably, 
or unconformably to it; and, therefore, the actions of inanimate bodies, 
whuch cannot incite, or moderate their own actions, are produced by real 
power, not by laws; tho” the agents, if intelligent, may regulate the ex- 
ertions of their power by ſettled rules. | 
4. I have taken notice of two other accounts, upon which the experi- 
mental knowledge of God's works may, in a well-diſpoſed mind, con- 
duce to eſtabliſh the belief of his providence. | 5 
And, firft, when our virtuoſo ſees with how many, and how various, 
and how admirable ſtructures, inſtincts, and other contrivances, the wiſe 
artificer hath furniſhed even brutes, and plants to acquire, and aſſimi- 
late their food; to defend, or otherwiſe ſecure themſelves from hoſtile 
muß to maintain their lives, and propagate their ſpecies; it will very 
much conduce ee him, that fo wife an agent, who has at com- 
mand ſo many differing, and excellent methods, and inſtruments, to ac- 
compliſh what he deſigns; and, often, actually employs them for the pre- 
ſervation, and welfare of beaſts, and even of plants, can never want 
means to compaſs his moſt wiſe, and juſt ends, with relation to man- 
kind; being able, by ways that we ſhould never dream of, to execute his 
purpoſes, and fulfil his promiſes. 7 
Secondly, when we duly conſider the very different ends to which 
many of God's particular works, eſpecially thoſe that are animated, ſeem 
deſign d, with reſpect both to their own welfare, and the utility of man; 
and how exquiſitely the great creator has been pleaſed to ſupply them 
with means admirably fitted to attain theſe reſpective ends; we cannot 


but think it highly probable, that ſo wiſe, and ſo bountiful a Being, has 


never left his nobleſt viſible creature, man, unfurniſhed with means to 
progprs his own welfare, and obtain his true end, if he be not wanting to 


aſelf. And, ſince man is endow d with. reaſon, which AY; Ones. 


4 « 
11 


parts, that it has organs to take hold of, and to which it can furniſh no ._ 
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Whit neither a plant, nor a brute animal is capable of knowing, that 

$ both his maker and continual benefaRor ; ſince his reaſon likewiſe 
teacheth him, that upon both thoſe accounts, beſides others, God may 
juſtly expect and require worſhip and obedience from him; ſince alſo the 
ſame rational faculty may perſuade him, that it well becomes the majeſty 
and wiſdom of God, as the ſovereign governour of the world, to give a 
law to man, who is a rational creature, capable of underſtanding and 
obeying it, and thereby glorifying the author of it; fince, finding in his 

own mind a principle, which tells him, he owes a veneration, and other 
ſuitable ſentiments, to the divine author of his being, and his continual and 
munificent benefactor; ſince, on theſe ales, 


PI 


. him,” 


is conſcience will con- 
vince him of his obligation to all the eſſential duties of natural religion; 
and ſince, laſtly, his reaſon may aſſure him, that his ſoul is immortal, 
nd is therefore capable and deſirous of being r happy, after it 
s leſt the body; he muſt in reaſon be ſtrongly inclined to with for a ſu- 
pernatural diſcovery of what God would have him believe and do. And 
therefore, if, being thus prepared, he ſhall be credibly inform'd, that 
. God hath actually been pleaſed to diſcover, by ſupernatural means, what 
kind of worſhip and obedience; which by reaſon alone he could but - 
at, will be moſt acceptable to him; and to encourage man to both theſe, 
by expreſs promiſes of that * which man, without them, can but 
faintly hope for; he would be ready, then, thankfully to acknowledge, that 
this way of proceeding becomes the tranſcendent goodneſs of God, without 
derogating 2835 his majeſty and wiſdom. And by theſe and the like re- 
flections, a philoſopher, who takes notice of the wonderful providence, that 
God deſcends to exerciſe for the welfare of inferior and irrational crea- 
tures, will have an advantage above men not vers d in the works and courſe 
of nature, in believing, upon the hiſtorical and other proofs which chriſtianity 
offers, that God has actually vouchſaſed to man, his nobleſt, and only ra- 
tional viſible creature, an explicite and poſitive law, enforced' by ſevere 
penalties denounced againſt the ſtubborn tranſgreſſors, and promiſing to 
the ſincere obſervers of fe rewards ſuitable to his own greatneſs and good- 
neſs. And thus the conſideration of God's providence, in the conduct of 
co corporeal, may convey a well-diſpoſed mind from natural to re- 


religion. | | 
; 5. Key thing, that diſpoſes an experimental philoſopher to embrace 
the 2 72 igion, is, that his genius and courſe of ſtudies E him to value 
Jexfual things, and delight in abſtract truths; by which term, I here mean ſuch truths, as 

| do not at all, or very little, erh mens ambition, ſenſuality, or other in- 
ferior paſſions and appetites. For, as the generality of thoſe who have an 
averſion to religion, are led to it by a contempt of all truths, that do not 
gratify their paſſions or intereſts ;' fo, he who is addicted to experimental 
knowledge, is accuſtom d both to purſue, eſteem, and reliſh many truths, 
that do not delight his ſenſes, or gratify his paſſions, or intereſts ; but only 
entertain his underſtandin wid 1 that manly and rational ſatisfaction, 
which Is Bain ande by the attainment of clear and noble truths, 
* " — 
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its genuine objects and delight, And tho' the diſcoveries made by the help Pays1cs. 
of — ſical or mechanical experiments, are not, for the moſt ane A0 * 
— ion; yet, beſides that ſome of them manifeſtly conduce to eſta- 
bliſh or illuſtrate natural religion, we may argue 4 fortiori, that he who is 
accuſtomed to prize truths of an inferior kind, becauſe they are truths, 
will be much more diſpoſed to value divine truths, which axe of a vaſtly 
higher and nobler order, and of an ineſtimable and eternal advantage. 
6. But farther, both the temper of mind, that qualiſies a man for a vir- f. 9 
tuoſo, and the way of 1 he chiefly employs, greatly conduce 
to give him a ſufficient, well-grounded, and duly-limited docility ; which is 
a great diſpoſition to the entertainment of reveal d religion. In the vulgar 
and ſuperficial philoſophy, wherein a man is allow'd to think that he has 
perform d his part well, when he has aſcribed things to a fubſtantial form, 
or to nature, = to _ real 3 3 or — N 
roving that there are ſuch cauſes, or intelligibly declaring, ro- 
Jes the phenomena, or eſſects refer d to them; tis eaſy for a 21 to 
have a great opinion of his own knowledge, and be puff d up by it. But 
a virtuoſo, who cannot ſatisfy himſelf, nor dares pretend to ſatisfy others, 
till he can, by hypotheſes that may be underſtood and prov'd, declare in- 
telligibly the manner of the operation of the cauſes he aſſigns, will oſten 
find it ſo difficult a task to effeCt all this, that he muſt eafily diſcern, he 
needs further information, and therefore ought to ſeek for it where tis 
the moſt likely to be had. Beſides, the litigious philoſophy of the ſchools 
. ſeldom furniſhes its diſciples with better than dialectical or probable argu- 
ments, which are not proper fully to ſatisfy the perſon who employs them, 
or to leave his adverſary without an anſwer, as probable as the objection: 
upon which account, men who have more wit than a ſincere love for truth, 
will be able to diſpute ſpeciouſly enough, as long as they pleaſe. And as 
ſuch ſlippery arguments are not able to convince even the perſon who uſes 
them, 7 he be a man of judgment ; ſo, if he deals with a witty adverſary, 
they will leave him able to elude any arguments of the like nature, with 
which he ſhall be preſs'd. And in effect, we ſee, that in the Ariftorelian 
philoſophy there are ſeveral eftabliſh'd queſtions ;- ſuch as, Whether the 
elements retain their diſtinct natures in a mix d body? Whether the celeſtial 
orbs are moved by intelligences ? Cc. which have been diſputed from age 
to age, and are like to continue queſtions for many more, if that philoſophy 
ſhall laſt fo long. But a virtuoſo, who in his reaſonings attends to the 
principles of mathematics, and ſound philoſophy, and to the clear teſtimo- 
nies of ſenſe, or well yerify'd experiments, acquires a habit of diſcerning 
the cogency of an argumenr, or way of probation ; and eaſily perceives, that 
dialectical ſubtilties, and ſchool-tricks, cannot ſhift off its force; but he 
finds more ſatisfaction in embracing a demonſtrated truth, than in the vain 
glory of ſubtilly diſputing againſt it. 
7. Another thing that may, by means of experiments, diſpoſe a ftu- f fer» 
dious ſearcher of truth for reveal'd religion, is, that his inquiries, and ds. 
courſe of ſtudies, make hum both willing and fit to ſearch out and diſcover 


uf 


 - 
A 


Puraics: deep and unobyiou 


mortality. of the ſoul,” are, if not 


| $ truths. - I have, with trouble, obſery'd, that the 
0 Gi of the libertines among us, being men of Pilates humour, 
Cho, When he had ſcornfully asd, what is truth ? would not ſtay for an 
anſwer) with great diſdain, decline the ſtudy of all truths that ire a 


ſerious and ſettled application of mind. Theſe men are, for the mott part, 

. a fort of ſuperficial and deſultory wits, who go no further than the out- 
ſide of things, without penetrating into the receſſes of them; and, being 
eeaſily tir d with contemplating one, paſs quickly to another; the conſide- 
ration hereof, they, with the ſame lightneſs, forſake. And, upon this 


account, among others, it is, that ſuch men, though often much ap- 


plauded by others, becauſe. the moſt are but ſuperficial, as well as they, 


almoſt as ſeldom make good philoſophers, as good chriſtians. For tho' all 


the ſound arguments, that may be brought to evince the truth of natural 


and reveal'd religion, be not abſtruſe; yet ſome of the principal, eſpecially 
thoſe that prove the exiftence and ſpecial providence of God, and the im- 

) K metaphyſical, yet, at leaſt, of a 
An nature; and will ſcarce be clearly underſtood, and duly re- 


hiked, Fut by a perſon gapable of, and accuſtom d to attentive and pro- 


long d ſpeculations. Now, a man addicted to proſecute diſcoveries of 
truths, not only by ſerious meditation, but by intricate and laborious ex- 
periments, will not eaſily be deterr'd from eſſectually purſuing his 
end, by the toils or difficulties that attend the clearing of thoſe notions, 
and matters of fact, whereon ſolid arguments for natural, or reveal'd 


religion, are founded; how remote ſoever thoſe truths may be from ma | 
1 In ſhort, a ſuperficial wit, ſuch as is frequently found in 


rtines, and often helps to make them ſuch, may be compared to an 
ordinary ſwimmer, who can reach but ſuch things as float upon the wa- 
ter; whilſt an experimental philoſopher, like a skilful diver, not only ob- 


_ rains thoſe things that lie upon the ſurface of the ſea, but makes his way 
to the very bottom of it; and thence fetches up pearls, corals, and other 
precious things, that, in ſuch depths, lie conceal'd from other men's 


fight and reach. he A | 
. We have ſeen, then, that experimental philoſophy is, in its own na- 


tere 1ea4s ture, favourable to religion, in general: it alſo greatly conduces to ſhew 


* 


dar- the truth of the chriſtian religion, in particular. 


This excellent religion is recommended to minds rightly diſpoſed, by 
a great number of prerogatives, whereof I ſhall . few. ' © 


. And firſt, the three grand arguments, that jointly evince the truth of 


the chriſtian religion in general, are, in my opinion, the excellency of 
the doctrine, which makes it. worthy to have proceeded from God ; the 


teſtimony. of the divine miracles, en, is to recommend it; and the great 


effects, produced in the world by ir. Two of theſe three arguments are 
bottom d upon matters of fact, and, conſequently, are likely to be the 


mat prevalent 8 thoſe who have a great veneration for experience, and 
dk are duly diſpoſed 
Wollb ban 


to frame ſuch pious reflections, as it warrants and leads 


422 ; | Now, 
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Now, an experimental philoſopher, who is maſter of others experience, Physics. 


gs well as of his own, and duly qualified to reflect upon both, will 


find 


ſtrong motives to the belief of chriſtianity, in the two laſt of theſe argu- 1 kinds 


ments of its truth. We muſt here obſerve, that the word rience may 
admit of ſeveral fenſes, whereof one is far more comprehentive than ano- 
ther; and likewiſe, of ſeyeral diviſions, and diftributions. For, beſides 
its more reſtrained a ation, it is ſometimes ſet in contra- diſtinction to 
reaſon, ſo as to comprehend, not only thoſe phenomena that nature or art 
exhibits to our out ward fenfes, but the things we perceive to paſs with 
in ourſelves, und all thoſe ways of information, whereby we attain any 
knowledge that we do not owe to abſtracted reaſon. that, without 
ſtretching the word to its utmoſt extent, and to which it has been enlarg d, 
it may be look d uw as a comprehenſive term, and fit to be branch- 
ed into parts. I hall, th ivide it into perſonal, hiſtorical, and 
e or theological. 


himſelf, and which accrues to him by his own ſenſations, or the exerciſe of 


his faculties, without the intervention of any external —_— "Tis by 
0 


this experience we know, that the ſun is bright; fire, hot; w, cold, 

and white, that, the want of aliment, we feel hunger ; that we 

hope for future good ; that we love what we judge good, and hate what 

we think evil; and diſcern that there is a great difference between a tri- 
e, and a cirele, and can diſtinguiſh them by it. 


call that perſonal experience, which a man acquires immediately by Tei 


By hiftorical experience, I mean that, which tho” it were perſonal in Hiſerical. 


fome other man, is but by his relation, or teſtimony, whether immediately, 
or mediately conveyed to us. Tis by this we know, that there were 
ſuch men as Julius Caſar, and William the conqueror; and that Joſeph knew 
Pharaoh had a dream, which the Egyptian wiſe-men could not 


Theological experience is that, by which we know what (ſupp A & theological, 


divine revelation,) God is pleaſed to relate, or declare concerning himſelf, 
his attributes, his actions, his will, or his purpoſes ; whether immediate- 
by, as he ſometimes did to Fob and Moſes, and conftantly to our Saviour; 
or by the intervention of angels, prophets, apoſtles, or hed perſons ; as 
he did to the Mraelites, and the primitive chriſtian church; and ftill does to 
us, by thoſe written teſtimonies we call the ſcriptures. 

By perſonal experience, we know that there are ſtars in the heavens ; by 
hiſtorical experience, we know that there was a new ſtar ſeen by Tycho, and 
other aſtronomers, in Caſſtopeia, in the year 1572 ; and, by theological ex- 
perience, we know, that the ſtars were made on the fourth day of the 
creation. f 5 1 7 
I do not, therefore, here take experience in the ſtricteſt ſenſe of all, bur 
in a greater latitude, for the knowledge we have of any matter of fact; 
which, without owing it to our reaſoning faculty, we either acquire by 


the immediate teſtimony of our on ſenſes, and other faculties, or, it ac- 
erues to us by the communicated teſtimony of others. And; even in com- 


mon acceptation, the word experience is not always meant of that which 


Vor. AI. 50 K k Iz>b 18555 « bl! 


15 


E , 7 frruoſb 


F As when we fu, ex- 
Www 


perience teaches us, who, > perhaps, were. never. out of England, 7 1 the 
torrid zone is inhabited; des learned men, who had opportunity 
to make nice eee rvations, that ſtars may be generated, and 
periſh;' or, at leaſt, begin to appear, and then diſappear 1n the celeſtial 

region of. the world. On this kind of hiſtorical experience, conſiſting of 
the perſonal obſervations of pre Galen, and other {2s tranſ- 
mitred to us, a great part of the practice of phyſic is founded. And the 
moſt rational phyſicians take, as matters of fa 2 5 only what other phy- 
ficians have left upon record, but many preſent things, 5 75 themſelves 
can know but by the relation of their MESS; as, that a man has a parti- 


. cular antipathy to ſuch a thing, h or, perhaps, judges fir for 


him to uſe ; or, that a woman with d. pe for thus, -or that | 
minate ching. And, phyſicians reduce theſe, and the like matters of fact, 


to experience, 2s to ou of the two columns of phyſic, diſtinguiſhed from 


reaſon. 
Since, . as well.as cullom, confine not the application 
of the ward experience, to that which is perſonal, but employ it in a far 
greater latitude ;| I ſee not, why that, which I call theological experience, 
may not be admitted; fince the revelations that God — concerning 
what he has done, or purpoſes to do, are hut teſtimonies of things, re þ 
of them matters of fact, and all of them ſuch, as, (far as they not mere) 
. Fevelations) cannot be known by reaſoning, but by teſtimony ; whoſe be- 
ing divine, and relating to rheological f does not alter its nature, 
_ it give it a peculiar and — authority. 
. ly this diftribution rience, to the matters of faft, that re- 


the credibility of the e nie 6 aan 
ji two ding propoſitions. dow, " 

i «1 ow EIN 
We regs believe ſeveral things upon the 3 of ; mediate - 


and immediate, which, without that information, we ade: tnfit to 


de credited; or, antecedently to it, actually Judged cartrary 20 reaſon. 


"Thy ein may be underſtood, either of perſons, or ether; and 
2 firſt, as to perſons; if our own obſervation of of what occurs 


among — does not ſatisfy us, that we are oblig d, after ſufficient 


N uently to alter the opinions, which, upon prebbl reaſons, a} 
ore entertain'd,. of the fidelity, prudence, juſtice, chaſtity, c. of 
this: or chat perſon; we need only turn to the records of hiſtory, or appeal 
to the'tribunals of judges. For, in both we find but too many inſtances 


und of fact, that perſons look d on, even by intelli- 


and holy, have prov'd falſe, perfidious, diſ- 


1 honeſt, virtuous, 
Boat dn juſt, ſacrilegious, perjur d, Oc. And, in the courts of juſtice, we 


And a great deal of time employ'd to detect not only civil W 
a8 
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as thefts, cheats, forgery, falſe-witneſs, adultery; and the like, perpetra- Puysjcs. 
WYW 


ted by thoſe, who, before they were throughly ſiſted, paſs'd for honeſt ; 
but, even fins againſt nature; as, the murders of parents by their chil- 
dren, and Rn, | by a parents, 1 "ris plain, that we 
ought, u teſtimony of experience, to ge the opinions we thou 

I ha raronally taken up of perſons. I now — os ma ke good — 
propoſition, in the ſenſe I chiefly intended; Which is, as it relates to 
things. eee Ba Aον EU $155 
* „ did not inform and certify us, who would believe, that a little 
heap of light, black grains of matter, ſhould be able to over- turn ſtone- walls, 
blow up whole caftles and recks themſelyes, and do thoſe other tn pendous 
things, that we ſee actually perform d by gun- powder, made uſe of in ordi- 
nance, and in mines? Who would think, that two or three grains of opium, 
ſhould. ſo ſtupify a large human body, as to force a ſleep; and often, even 
without that, ſuſpend the ſharpeſt tor ments in the cholic, gout, and other the 
moſt painful diſeaſes, in patients of quite different ages, ſexes, and con- 
ſtitutſons; in whom alſo the difeaſes are produce d by differing, or even 


by contrary cauſes? Who would believe, that the poiſon to 
the tooth of a mad dog, tho", ſo little, as to be ſcarce diſcerni- 


ble by ſenſe, ſhould be able, after the Night hurt is quite healed, to conti- 
nue in the warm, 1 body of the bitten perſon, not only for ſome 
days, or months, but, ſometimes, for very many years? And, aſter ha- 
ving lurk d all that while, wirkout giving any trouble to the patient, 
that it ſhould, on a ſudden, . pervert the whole ceconomy of his body, and 
roduce a madneſs like that of the dog which bit him, diſcovering itſelf 
by that ftrange and fatal fymptom, ati Hydrophobia? ? 1 v 


But, beſides a multitude of inſtances that may be given of truths; | 
28 


were it not for experience, we ſhould refuſe to believe; becauſe 
the ſmall ſtrength of ſuch agents, ſeems altogether diſproportionate to 
the efleQs 5 d to them; many other inftances ' might be alledg d, 
wherein we aflerit to experience, even when its informations ſeem con- 
trary to reaſon, and that which, perhaps, we did actually, and, without 
ſcruple, take to be true. 1 £50 | 
_ Since gravity, is the principle, that determines falling bodies to move 
towards the center of the earth; it ſeems rational to believe, with 
the generality of philoſophers, that, in proportſon ns one body is more 
heavy than another, ſo it mall fall to d faſter than the other. 
Whence it has been inferr'd, that of two homogeneous bodies, whereof 


one, for example, weighs ten poxmds, and the other but one pound; the 


former, being ler fall from the ſame height, and ax the ſame time with 
the latter, will reach the ground ten times footer, 1001 0 
But, notwithſtanding this platifible reaſbning, experience ſhews us, (and 
I have. purpoſely try d it) char bodies of very uncquil weight, let fall 
together, will reach the ground” at the ſame time; or fo near it, that tis 
not eaſy to perceive any difference in the velocity of their deſcent, from 4 
moderate height. : 

Kk2z Tis 


252 _— . rien Vitals 
Ti take by naturaliſts, as well as others, that 
* Rrong and lou l e —_ 8 farther of, = . 


ſo, if the ſonorous bodies be equally diſtant from the ear, the Try 2 5 
ſound will arrive much ſooner at it, than the other; yet, b 
ments of the moderns, about the velocity of ſounds, Fe ag Do 26 


which, I have endeavour'd at e it appears, that weaker ſounds 


are (at leaſt, as to ſenſe) tr nſmitted thro > ghd air as ſwiftly as 

the ſtronger. And, indeed, 115 often obſerv'd, that when cannons and 

—— are diſcharg d rogether, the reports « of both arrrive together at 
ear. 

It ſeems irrational. to conceive, chat a ſmaller and ber load-ſtone, 
ſhould draw away a piece of ſteel from a larger and ſtronger; yet, my ex- 
e that of others) proves, that, in ſome is paradox 
" a tru 

It has generally, by philoſophers, as well as other men, been look d 
upon as manifeſt, and agreeable to reaſon, that cold condenſes water, more 
or leſs,, accar to — A 0 and, 1 that ice is water 
reduced into a leſs bulk. tis plain, by experiments carefully made, 
that water is, by glaciation, wo rl or, at leaft, that ice takes 
275 the water did before it was congeal'd. And of this 

of inſtances, it were eaſy to add a vaſt number. 

IT extend. the force of our argunients, to that 5 Which is 
not immediate, or e our own, but communicat Ades, 12 
vided it be competently. atte] ed, and duly convey'd to us; there will need 
but a little reſſection on what is judg'd EO and freely p ractis d, 
by philoſophers themſelves, For, how many concluſions have Fe mo- 


dern naturaliſts admitted, tho abſtract reaſoning never led men to make 


them, and. even while plauſible + mags and the notions and axioms 
of the moſt generally d e » Were contrary to them? Thus, 


that in the — — 2 155 e 27 15 was not 


only — 1 the Oar as Arif but is. 7 wad y his ar- 
guments z yet I, with many others, have ſeen great per bigger 
Europe) nerated and diſſipated on or gear 4 8 ce ofa the, un: 


— ſeyeral of the modera phlophes and aſtronomers, having never be- 
held any of theſe, muſt he phenomena upon the credit thoſe who 


 haye. obſery d them, And much rer do ſo, who, in ſpite of 


the 


yulgar | „which made all comets , believe thi 
are celeſtial bodies. Fox, 9 8 they appear above the concave of he 
moon s orb, we credit upon the affirmation of thoſe who obferv'd them; 
mer, or di fewr have done themſelves. And the heighe of the famous co- 


ſtar, a, in the year L572, whereon fo much 
A 2 5 i philoſop 1 . is admitted — 
urge C 


Ew the en they have, not only of Hebe $ veracity, but 
his skill in obſerving the motions r celeſtial light ; ;and 


particularly <4 vt no parallax. 
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I ſhort, the great artichect of experimental hiſtory, Sir Francis Bacon, Paysics- 
when he divides it but into three parts, aſſigns the ſecond of them to hat AA 


he calls preter- generations; ſuch as monſters, prodigies, and other things; 
which being, as to us, but caſualties, all thoſe that happen'd in ot 
times and places than we have lived in, we muſt take upon the credit of 
others. - And yet theſe mediate experiments, b ſngcellin new inftances 
of nature's power, and. uncommon ways of working ; and by overthrow- 
ing, or limiting, received rules and traditions; afford us a conſiderable and 

| 5 part of natural hiſtory, without which, it would not be either 

ſo ſound, or ſo compleat. * 


0 


s PROP, I. fg 
We ought to have a" great and particular regard to thoſe things that are re- 
commended to our belief, by what we. have reduced to real, tho” ſupernatural 


experience. 


For, 1. "Tis manifeſt; that the moſt rational men 71 not to believe 
upon competent teſtimony, many mia. whoſe truth did no way appear 
to them, by conſidering the nature of the things themſelves ; nay, tho 
what is thus believ'd upon teſtimony, be ſo ſtrange, and, ſetting aſide that 
teſtimony, would ſeem ſo irrational, that antecedently to it, the things, at 
lat, admitted as truths, were 83 as errors, or judg d al- 
together unfit to be beliey d. And points wherein experience over- 
rules that, which, before it happend, was judg d to be moſt agreeable to 
rea fon, concern things merely natural, or civil, whereof human reaſon is - 
held to be a proper judge; whereas, many of the points r 
ſupernatural experience, concern things of a ſuperior order; many of whi 
are not to be adequately eſtimated by the ſame rules with things merely . 
corporeal, or civil; and ſome of which, as the eſſence and manner of ex- 
iſtence, and ſome peculiar attributes, of the infinite God, involve or re- 
quire fach a knowledge of what is infinite, as vaſtly exceeds the reach of dur 
hmited underſtanding, 

Bur this. is not all: for, 2. As tis, with juſtice, generally granted, that the 
beter qualified a witneſs is, in the capacity of a witneſs, the ſtronger aſ- 
ſent his teſtimony deſerves ; ſa we ought, of all the . can be 
recommended to us by teſtimony, to receive thoſe with the higheſt degree 
of aſſent, that are taught us by God, thro the means of theſe pexſons 


who appear to have been commiſſioned by him to declare his mind to men. 


For the two grand requiſites of a witneſs, being the knowledge he has of 
the things he delivers, and, his faithfulneſs in truly delivering what he 
knows ; all human teſtimony muſt, on theſe accounts, be inferior to di- 
vine teſtimony : ſince the latter is warranted both by the veracity of God, 
and by his boundlefs knowledge ; which makes . it as impoſſible he ſnould 
be deceiv d himſelf, as the other does, that he ſhould deceive us. And, 
becauſe that, for the delivery of divine teſtimony, it has often pleas d God, 
who is a moſt. free, as well as a moſt wiſe agent, to make uſe of * 4 
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g perſons 45 tis inſtruments; T'ſhall/nor altogether overlook this cir- 
cumſtance, that an experimental philoſopher ſo often increaſes his know- 
ledge of natural things, 'by what he learns from the obſervations and pra- 
> Qtices; eren of mean, and, perhaps, of illiterate perſons, becaule they are 
«converſant with the works of nature; that he is not only willing to ad- 
mit, but often curious to ſeek for informations from them: and therefore 
he is not likely to ſhew much reluctance in receiving the doctrines of reveal- 
ech religion, ſuch as chriſtianity, if the teachers of it were honeſt men, 
and had Yi jag to know the truth of the things they deliver; tho 
they were of ſome mean profeſſion. NE aun, « rept ha ace ba Dok 
And, indeed, ſuch a perſon as our virtuoſo, will, with great willingneſs, 
:exerciſe himſelf in peruſing, with attention, and much rd, the writings 
of the apoſtles, evangeliſts, and ancient prophets ; notwithſtanding any mean- 
nels of their firſt condition, or of their ſecular employments. And here, he 
will not only readily ſuffer himſelf to be inſtructed in the grand and gene- 
ral articles of religion, which, becauſe of their neceſſity, or very great 
uſefulneſs, are to be met with in many places, and in variety of expreſſions, 
by honeſt and duly-diſpoſed readers; but he will, inftead of diſdaining 
ſuch tutors, both expect, and r improve his knowledge 
of divine things in general, even by thoſe hints, and incidental paſſages, 
that a careleſs or ordinary reader would overlook, or not expect any thing 
from. For, as the fertility of the ſcriptures is not uſually enough diſcern” 
| by mu readers, when the ſacred writers tranfiently touch upon a great 
many Ubjects, that they do not expreſly handle; fo, the docility we have 
:aſcribed to our virtuoſo, will make him repoſe a great deal of truſt in the 
_ teſtimony of inſpired perſons, ſuch us Chriſt and his apoſtles, about things 
of of ſorts, whether uſually taken notice of, or not, that relate to objects of 
| 1 ; eſpecially if among theſe, God himdelf, and his pur- 
poſes, be comprized: ſince ſeveral of thoſe things are not knowable with- 
out revelation, and others are beſt known by it. And to be allow d to nd 
a belief about Tuch things, on the relations and other teftimonies of thoſe 
that were © eye-witneſſes and miniſters” of the things they ſpeak of, will, 
b aur virtuoſo,'be juſtly reputed ſuch an advantage, in order to the know- 
ledge ct things divine; as the conſulting with navigators and travellers to 
America, is, to à petſon curious to learn the ſtate of that new world. For 
an ordinary fea-man or traveller, who had the opportunity, with Columbus, 
to fail along the ſeveral coafts of it, and paſs up and down thorough the 
- «country, Was able at his return to inform men of a hundred things, that 
they would never have learn'd by Ariſtorlz”s philoſophy, or Prolemy”s geo- 
.graphy.; and might not only acquaint them with many particulars, agree- 
able to the opinions which their receiv'd phyſics and coſmography ſag- 
geſted, but alſo rectify feveral erroneous preſumptions and miſtakes, which, 
till then, they thought very agreeable to the dictates of thoſe ſciences, and 
to reaſon. And as one, who had a candid and knowing friend, intimate 
With Columbus, might better rely on his informations about many particu- 
Jars of the natural hiſtory. of thoſe parts, than on thoſe of 2 Red 
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{chool-philoſophers, who knew only what they learned from Ariſtotle, Pliny, . 
* , 


/Elian, and like ancient naturaliſts ; much more may we rely on the 
accounts given us of divine things, by the apoſtles, and conſtant artendants 
of him who lay in the boſom of God his father,” and commiſſion d them 
to declare to the world the © whole counſel of God,” as far as *twas ne- 
ceſſary for man to know. = 


Fuller trials are allow d, among ingenious mew, to rectify the informa- 


tions of the more imperfect ones; and therefore I ſhall add, that, tho the 

innate notions and ſentiments, which nature gives us of the attributes and 

mind of God, be highly to be prized; yet the informations that theological 

experience affords of thoſe abſtruſe things, is far more excellent and com- 
leat. 


* have dwelt the longer upon the miracles that may be pleaded to recom- 
mend the chriſtian religion, becauſe I thought, that an argument grounded 


on them is little leſs than abſolutely neceſſary, to prove that any religion 
men believe to be ſupernaturally reyeal'd, really proceeds from God. 
For, cho the excellency of the chriſtian doctrine, and other concurrent 


motives, may juſtly ſuade me, that tis worthy and likely to be given by. 


God; yet that, in this doctrine comes from him by way of ſupernatura 

revelation, I can ſcarce be ſufficiently aſcertain'd, but by the miracles 

wrought by Chrift and his diſciples, to evince, that the doctrine they 
each d, as commiſſion d by God to do fo, was indeed his; being, as 


1 
ſuch, own'd by him. But theſe miracles having been wrought in the firſt . 
of the church; we can have no knowledge of them by our own ſenſes, 


or immediate obſervation, but muſt take them upon the credit of hiſtorical 


kr e which is afforded us by the duly tranſmitted teſtimony of thoſe, 
Who 


were themſelves eye · witneſſes of the things they relate. And ſince we 


ſcruple not to believe ſuch ſtrange prodigies, as celeſtial comets, vaniſſing 


and re-appearing ſtars, iſlands founded by ſubterraneal fires in the ſea, 


the darkneſs of the ſun for many months together, earthquakes en 


above a thouſand miles in length, and the like amazing irregularities 
nature, upon the credit of human hiſtories; I ſee not, why that hiſtorical 


experience ſhould not more be truſted, which has many peculiar and con- 
current circumſtances to confirm it; and particularly the death that moſt _ 
of the firft promulgators chearfully ſuffer'd' to atteſt the truth of it; and 


the ſucceſs and.ſpreading of the doctrine authorized by thoſe. miracles, and 


receiv'd chiefly upon their account. 'To which things, ſome perhaps would. 


add, that tis leſs incredible, that the author of nature ſhould, for moſt” 
weighty purpoſes, make ſtupendous alterations of the courſe of nature; 


than that nature herſelf, for no ſuch end, ſtould, by ſuch prodigies, as were 


lately mention'd, throw herſelf, as it were, out of her own courſe. 


iracles being ſo neceſſary to the eſtabliſhment of reveal'd religion in 


general, it ma look d upon as a farther diſpoſition in our virtuoſo to 


receive the chriſtian xr eligion, that the iloſophy he cultivates, much con- 
duces to enable him to judge aright of thoſe ſtrange things, that are by 


many propoſed as miracles, and believed to be ſo. | 1 
| or 
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Pures. For, firſt, the knowledge he has of the various, and wonderſul opera- 8 


AV: 


tions of ſome natural things; eſpecially when they are skilfully improv'd,: 
and dextrouſly apply d by art, particularly, in mathematics, mechanics, 
and chymiſtry, will qualify him to diſtinguiſn between things that are 
only ſtrange and ſurprizing, and thoſe that are truly miraculous : ſo that 
he will not miſtake the effects of natural magic for thoſe of a divine power. 
And, by this means, he will be able to diſcover the ſubtile cheats, and 
 colluſions of impeſtors ; whereby not only the multitude of all religion 
eſpecially the heathen, but even learned men of moſt others, for want © 
an inſight into real philoſophy, have formerly been, or are at this day, 
deluded, and drawn into idolatrous, ſuperſtitious, or otherwiſe erroneous 
tenets, or practices. 70 BALL hg 
On the other ſide, the know our virtuoſo may have of what cannot 

be juſtiy expected, or pretended, from the mechanical powers of matter, 
will enable him to diſcern, that many things are not producible by them, 
without the intervention of an intelligent ſuperior powef ; on which ac- 
count, he will frankly acknowledge, and heartily believe ſeveral. effects to 
be truly miraculous, that may be plauſibly enough aſcribed to other cauſes 


_ inthe vulgar philoſophy ; where men are taught to attribute ſtupendous and 


unaccountable efſedts to ſympathy, antipathy, Fuga vacui, ſubſtantial forms, 
and, eſpecially, to a certain Being, preſumed to be almoſt infinitely 
potent and wiſe, which they call nature: for this is repreſented as a 
kind of goddeſs, whoſe power may be little leſs than boundleſs: thus, 
I remember, Galen himſelf compares it to that of God; and ſaith, that he 
could not do ſuch a thing, becauſe nature could not; and cenſures Moſes for 
eaking as if he were of another mind. | * FR 
I know it may be objected, that thoſe who are ſo well acquainted with 
the myſteries of nature, and her various, and ſtrange ways of working, 
as our virtuoſo is ſuppoſed to be, may, by that knowledge, be ftrongly 
ted to think, that thoſe ſurprizing things, other men call miracles, 
are but eſſects of her power; the extent of which is not eaſily diſcern'd b 
-ordinary men, nor ſafely defined by philoſophers themſelves. To this I 
Mall only here reply, that to make it reaſonable to judge a particular per- 
formance ſupernatural, it is not at all neceſſary that it ſurpaſs the w 
power of nature, that is, of phyſical agents; provided it ſurpaſs the 
power of that cauſe, or that complex of cauſes, from which the effect muſt 
in reaſon, if it be purely natural, or phyſical, be ſuppoſed to have pro- 
-ceeded. For inſtance, that a fiſherman or two ſhould ſpeak other langua- 


ges than their own, does not at all exceed the power of nature, if they 


employ d a competent time in learning them: but, that a great number of 
fiſhermen, and other illiterate perſons, ſhould, all on a ſudden, become 
Uinguiſts, and, in an hour's time, be able to ſpeak intelligibly to a great 
number and variety of nations, in their reſpective languages, as the new 
teſtament relates, that the apoſtles, and their companions did on the da 
A pentecoſt ; this gift of tongues, I ſay, was an ability, which, in tho 
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. circumſtances of 
juſtly be conclu to have been ſupernatural, or miraculous. 
To proceed, tis a notorious matter of fact, that, in leſs than half an 
the chriſtian religion was ſpread over a great part of the then known 
world} ſo that, in a few years after it began to be preach'd, the apoſile 
of the Gentiles could tell the Romans, with j joy,“ that their faith was ſpoken 
<« of thro — the whole world.” And, in the ſecond century, Tertullian, 
and other famous writers, ſhew, that the goſpel had — numerous 
proſelytes in a great number of different kingdoms, and provinces... This 
wonderful quick progreſs of the chriſtian religion, being aſcertain'd to our 
mm from a thing whereby he is ſo much fway'd, as A it 
1 him to believe the truth of ſo prevalent a religion. For, 
the perſons * firſt prom * it; they were but half a 
** of illiterate fiſhermen, a few. tent-makers, and other tradeſmen... If 
he conſiders the means employ d to propagate this doctrine, he finds, that 
they had neither arms, nor external power, to compel men to receive it; 
nor riches, honours, or preferments, to bribe or allure them to it; nor 
were they men of philoſophical ſubtilty, to intrap, or entangle the minds 
olf 22 SENS. Nan did they —— uſe of the pompous ornaments of 
loſſes of oratory, to inveigle, or entice men ; .but treated 
fo os 452, i lime and abſtruſe matters, in. a moſt plain and unaffefted 
le; as became lovers and teachers of truth. If he conſiders the nature 
the doctrine, chat, in a little time, obtain d ſo many proſelytes, he will 
1 inſtead of being ſuited to the natural apprehenſions, or the re- 
ceiv'd opinions of men; and, inftead of gratifying their corrupt aſſections, 
or. complying with ſo much as their innocent intereſts; it e 
| ſuch, mortifications, and ſuch great ſtrictneſs of life, and high 
virtue, as no legiſlator, had ever dar d to impoſe upon 15 th wer — 
any pet e on his diſciples. And this ne was p 
a © WAY was accompany'd with N of ſuch Ms Fon oo 
ons, that ſhould, in thoſe; times, be the portion of its 
Eee; * ver had 0 rather to fright. men 5 bis 
do&rine; than allure them to it: fince they, could not believe what he ſaid, 


and foretold, to be true, without believing g, that, they ſhould be made - 


great: ſufferers hy ane belief. I our virtuoſo confiders the oppoſition 
. made lic progrels Peel, he will find cauſe to wonder, that it 
could eyer be aan For the heathens, which made by. far the 
greateſt part of the world, were deeply engaged in polytheiſm, "dolary, 
magical rites, and ſuperſtitions, and and abnoft all all kind of crimes.; and fo 
of theſe were ſhameteſs debaucheries, which. oftentimes; made a part x 
their worſhip. And the Jews, b. 8 learep af the phariſees, 
the, impious, errors of the. fad general miſtakes of the 
nation about the perſon, office, and een of _ Meſſas; ; and by thar 
rags upon their vain traditions, and numerous ſy Fae ao ded 
them, were, on theſe and other accounts, as el 


2 the Romans, the twa. e to be 41589 80 k be mage a pron 


2 


Vo I. II. eſpecial] y 


17 


time, and perſons, wherein twas exerciſed, may Pnrsrcs. 
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Prvorcs. eſpecially when th could not own themſelves to be ſuch, without e: poſing 
er ſons to be ted and deſpiſed; their poſſeſſions to be confiſcated ;- 
"their to be impriſon d and tormented; and oſtentimes their lives to 

be, in an ignominious and cruel manner, deſtroy d. And, whilf the ſe- 

cular” magiſtrates made them fuffer all theſe rdſhips, the venerated. 

2 1 * oxi and the ent orators, perſuaded the 

World, N yet more than they endufed ; employ'd all. 
A ——— jon odious and ridiculous, as well as. 

the embracers'of it miſerable : 5 the martyrs, and other chriſtians, 

of no leſs than atheiſm, ineeſt, and th mhuman ſhedding and drinking 

the innoeent blood of infants. Theſe, and the like matters of fact, when 

-onr virtnolo reflects on, and confiders by what unpromifing means ſuch 

a 22 miyrmountable” difficulties were conquer d; he cannot, by 

thus küſterieal experience, be inclined to think, that effects, ſo diſpropor- 
Tionate to the viſible means, could be brought to paſs, without the pecu-. 
Bar afiſtance, and extraordinary bleſſing of God; b vhom thoſe ſucceſſ- 
Tul averr'd' themſelves to by. commiſſion For, that the ſu- 
pernacural help which the chriſtian doctrine appears to have had, was di- 
Tine, notdiabolkcal, will ſeem evident to our virtuoſo, from the nature, 
tendency, and effects of the doctrine itſelf; which expreſſy teacheèth, that 
there is but one God; that he alone is to be worſhipped, and not idols, 
nor any of the heathen demons, or deities; that the | devils are wicked, 
. malicious, and miſerable creatures, "hated .of God, and who ex- 
cron here rink und ther thoſe vices, as well as rites of w — — 
2 Ss br u 7 wer abominaisto Gol — — * 
degrees, deſtroy d © as, in effect, m'to be in ma- 

places of the world, where" the dre TE enn caft the devil out 
S ens veneration, and, oftentimes, out af: their bodies too. 
8 Fo: roentalnA4-'c which, tho” 
more extrinſecal. rto men My ISP con 
bares 0 be here omũtted; I mean, ther the quiek ff "and fuc- 
der of the chriſtian dottrine in the-world, wits foret deen Y che pro- 
_ *phers of che old teſtament, and the author and promulgators of the new. 
or, it being notorious, that many errors and ſuperſtitions, have; with too 

— den e n i the world; either by — 
that were very favourable to them, or by the induſtry 
men; it ought; to be no ſmall fatisfaQtion to equitable 
aden progreſs, and notable effects of the chriſtian reli- 
foretold by hls _ rophets, and by the Meſſias and his 
& accom prediCtions, it may a , that the 


8 eee ut was, long 
before, determin 7 15 eee 
manner, 

But true p eee "ay foe ect means, are 


. Wg, and, as ſuch, ma T among mi- 
theſe have = per ge gboye" mot moſt 
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other miracles, on the account of their duration: ſince the manifeſt proofs 


of the predictions continue ſtill, and are as viſible as the extent of the chriſtian 
religion; and ſome of them are ſtill more and more accompliſh'd, by the 
converſions made of multitudes of infidels, in ſeveral vaſt regions of Ame. 
vica.. So that if we may call ſome tranſient miracles, ſuch as the turning 
water into wine, ata 1 in Galike ; and the darkening of the 
un when the moon wus in the full, at the crucifixion of Chriſt; accompliſh'd 
predict ions may be e permanent ones; and their difference may ap- 
Pear by the differing of the Moſaic manna : for, tho both that which 
daily (except on the ſabbath) in the wilderneſs, and that which was 
laid up in a pot before the teſtimony, were ſupernatural productions; yet, 
tho a portion of the former out - laſted not two or three days; that kept in the 
pot, was preſerv d for many ages, and continu d to be (as it was foretold it 
d) a viſible miracle. | Mo 


Physics. 


Beſides, the preachers of the chriſtian religion, both pretended and 


appeal d to miracles, as proofs of the truth of their doctrine: and 
r] we conſider the great diſadvantages they lay under, and the pow- 
erful oppoſition of all forts, that they met with and ſurmounted ; it can- 
not reaſonably be thought, that ſuch unlikely men ſhould ſo ſucceſsfully 
preach ſq uninviting a doctrine, unleſs it were confirm'd by conſpicuous 
miracles. Or, ar leaſt, if ſo uneaſy and perſecuted'a. religion, was pro- 
pagated without miracles, that propagation itſelf may juſtly paſs for a mi- 

2 5 and be no leſs fit than another, to confirm the religion ſo admirably 


propagates: _—_— | 1 | | 
us, I think, I have ſhewn, that a virtuoſo has ſome helps, which 
other men, generally ſpeaking, want, to make him judiciouſly approve 
the arguments for the truth of the chriſtian religion, grounded on the 
miracles wrought in its favour, and the wonderful ſucceſs of it in the 


world. But, becauſe a reveal'd religion, how true ſoever, can ſcarce be 


proved but by moral demonſtrations ; and betauſe it is not, therefore, al- 


ways ſufficient, that the arguments be good in their kind; but there are 


Tome qualifications requir'd in the minds of thoſe who are to be convinc'd 
by them; I ſhall now add, that experimental. philoſophy alſo diſpoſes the 


mind of its cultivator to receive due impreſſions from ſuch proofs, as mi- 


racles, as well as other topics, afford the chriſtian religion. 

Another thing, then, that qualifies an experimental philoſopher, for the 
reception of reveal'd religion, is, the habit of endeavouring to give clear ex- 
planations.of the phenomena of nature, and to diſcover the weakneſs of 
thoſe ſolutions which ſuperficial wits uſually make and acquieſce in, inſen- 
ſibly works in him a great and ingenuous modeſty. of mind. And, on 


account of. this intelletual, as well as moral virtue; he will not only be 


very inclinable, both to deſire and admit further information, about things 
which he perceives to be dark, or abſtruſe ; but he will be very unapt to 
take, for the adequate ſtandard of truth, a thing ſo imperfectiy inform'd, 
and narrowly limited, as his mere, or abſtraed:reaſon. And tho a vul- 


gar philoſopher, who allows himſelf to refer the obſcureſt things in na- 


8 ture, 
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5 d en, e, 
"Parzics.. ture, to ſubſtantial forms, real qualities, ſympathy, antipatby, Oc. which 
need not, and, perbaps, cannot be clearly underſtood ; and thence peer 
that he underſtands every thing; and that thoſe things muſt be falſe, or 
. Impoſlible, which agree not with his philoſophy ; yet a ſober and experi- 
enc'd naturalift, who knows what difficulties remain unſurmounted, in 
the conception and explanations even of things corporeal, will not, by 
a lazy, of arrogant preſumption, that his knowledge about things ſuper- 
natural, is already ſufficient, be induced to reject, or to neglect any in- 

formation that may increaſe it. | | 
And this frame of mind is a very happy one for a ſtudent in reveal'd 
religion; where cautiouſneſs is not more neceſſary for the avoiding of er- 


* 7 4 FY * 


rors, than docility is advantageous, in learning of truth: ſince the know- 
ledge and nels of the divine teacher, is ſuch, that a ſcholar, to improve 


his intellect, needs but bring a mind fitted to receive the genuine infor- 
mations, that are moſt liberally offer d, and will never deceive him, who 
employs a due care not to miſtake the meaning of them. 
A well-cultivated conyerſation with the works of God, brings a man 
to diſcoyer, from time to time, ſo many things to be feaſible, or true, 
which, whilſt he 9 but upon the ſhallow grounds of uninform'd' rea- 
Ton, he © judg.d e, or unpracticable; that, by degrees, he acquires a 
habit of receiving ſome ſorts of opinions, and eſpecially thoſe that ſeem 
unfavourable to religion, with 3 to reform or diſcard them, 
| upon further information. And this, as he is reſoly'd to ſubmit to, in caſe 
1 he meets with it, ſo he is diſpos d to receive it, by having often found him- 
PE Telf obliged, upon ſubſequent information, to mend, or lay aſide his for- 
mer opinzens ; tho very agreeable to the beſt light he had to judge by, when 
he entertain d them. us, tho it ſeems a viſible truth, that the diſc of 
Vanus, is, in all reſpects to the ſan, totally luminous; yet, when, the tele- 
. Tcope diſcovers her to have her full and her wane, like the moon, he will 
believe this further obſervation, againſt the firſt, made with his naked 
es. | | 
And, indeed, I have fometimes. doubted; whether to be vers'd in ma- 
thematics, and other demonſtrative parts of philoſophy, brings a greater 
advantage to the mind, by accuſtoming and aſſiſting it, ſtrictly to examine 
things propoſed for truths, and ſtrongly to evince the truths a man Knows, 
to * s ; than by fitting him to diſcern the force of a argument, and. 
ſubmit willi to truths clearly proved; how little foever he may have 
| to find fuch concluſions true. Twill not be difficult to apply 
theſe reflections to our 8 ; ſince there are ſeveral paſſages. in 
the ſcripture that ſufficiently declare, both that. multitudes _ in a cri- 
minal infidelity, out of a fond conceit of their own knowledge, and a readineſs 
to be ſway'd rather by ftrong prejudices, than by the ſtrongeſt arguments 
that would remove them; and, that docility is a very happy diſpoſition to 
. "rhe entertainment of reveal d religion. And this qualification will be the 
more eafily found in our virtuoſo; becaufe, tho the things, about which he 
" has long been fenſible of his ignorance, or deſires further inſtruction, are 


W 


* 


4 De Chriſtian Virtnoſo. 290 
within the ſphere of nature, and the juriſdiction of philoſophy ; many Preca 
of the things which reveal'd religion declares, are 10 be and 2 — . 
ſtruſe, that they may well be look d upon as of an higher order than 
merely phyſical ones; and, therefore, cannot be ſatisfactorily reach d by the 
mere light of nature. "Tis true, our philoſopher will examine more ſtrictly, 
than ordinary men, the proofs brought for this, or that propoſed 
revelation; but that is no diſadvantage to a ſupernatural religion, ſuch 
as the chriſtian, if it be true: and the real truth about religion itſelf, 
does not require credulity, but only docility. If a piece of coin, that 

ſſes for true gold, be offer'd to an ordinary man, and to a skilful reſiner, 
the latter, will, indeed, examine it more ſtrictly, and not acquieſce in 
the ſtamp, the colour, the ſound, and other obvious marks, that may 
ſatisfy a ſhop-keeper, or a merchant ; yet, when he has try'd it by the 
ſeverer ways of examining, ſuch as the touch-ſtone, the cupel, Aqua 
fortis, &c. and finds it to hold good in thoſe proofs, he will readily 
and frankly acknowledge, that tis true gold, and be more thoroughly 
convinc'd of it, than the other perſon ; whoſe want of skill will. make 
him ftill apt to retain a diſtruſt, and render him, indeed, more eaſy to 
be perſuaded, but more difficult to be fully fatisfy'd. Thus, tho our 
virtuoſo will examine, with more ftriftneſs and skill, than ordinary 
men are able, miracles, 3 or other prop, ſaid to be ſuper- 
natural, that are alledg'd to evince a reveal'd religion; yet, if the cer- 
rain, and genuine characters of truth appear in them, he will be more 
thoroughly convinc'd of it, than a leſs skilful man, whoſe want of good 
criteria, and ſonnd judgment, incline him to be diffident, and to be ſtill 2 
afraid of having been impoſed on. 

I expect, it will be here objected, that I degrade the human underſtand- 
ing, by aſcribing ſo much to experience, natural or ſupernatural, that. it 
has leſt nothing for reaſon to do, but ſervilely to obey. 


= 


This objection, indeed, is plauſible ; yet the anſwer to it will not be very 
difficult, if the matter itſelf be duly conſider d, and reaſon be brought to 
act, not as an intereſted party, but an unbyaſs d judge: 
For we have already ſhewn, that rational philoſophers ſcruple not to 
alter, or renounce, the opinions which fpecious reaſons had ſuggeſted. ta. 
them, when once they either find thoſe opinions contradicted by expe- 
rience, or meet with other opinions more conformable to it. And Ariſtotle 
himſelf, tho he be accuſed of having wrefted phyſics to logioal, and me- 
taphyſical fancies, confeſſes, not only that in the ſcience of nature, reaſon 
ought to Ks with the phenomena, and the phenomena with reaſon ;_ 
but that to adhere to plauſible reaſonings, and neglect ſenfible obſerva- 
tions, is a weakneſs or diſeaſe ofthe mind. And whether the underftanding 
be, as Ariſtotle taught, like blank paper; and receives no knowledge, bur.. 
what has been convey d to it through the. ſenſes; or whether the notions. 
are congenite with the underſtandin 5 or ſo eaſily, and early, acquired by 
it, as to appear imarte; they are but very few, in compariſon of thoſe 
chat are requiſite to judge aright about any one thing, that occurs either 
al 
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bfr. in natural philoſophy, or theology. For, in the divine nature, power, 


wiſdom, and other attributes, there is an exuberance that has produced 
„ numberleſs contrivances, laws, and other things, which 


. * 
** 
* 


bo, tho men of ſtrong natural 
miſtook for reaſon, to maintain ſuc 
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r ſurpaſs 
both the number and variety that the dim and limited intellect of man could 
reach to, by er and compounding ideas, without the aſſiſtance of 
patterns afforded by the works and rations of God. | 
On account- of the. prerogative of the divine knowledge, it muſt 
P 7 gen that the notions and opinions men take up of the 
Works and mind of God, upon the mere ſuggeſtions” of abſtract reaſon ; 
Will not only be almoſt conſtantly very deficient, but often erroneous. 
Of this we ſee evident proofs in many opinions of the old philoſophers; 
| pos, were miſcked, by what they 
things about the works; and the 
author of nature, as we, who, by the fayour of experience and revela- 
tion, ſtand in a much clearer light, know to be falfe, and often juſtly think 


uttef Extra d AN l | 
i a narrow thing, and reaches but to a very ſmall ſhare 
c the knowable truths, whether human or divide; which may be obtain d 
by che help of further experience, and ſupernatural revelation. This 
- reaſon, furniſh'd with no other notices than it can ſupply itſelf with, is 
TED Ok anon ch beer rn 
himſelf, | to uite ignorant the greateſt part 
. things ;. and will ſcarce ee ben a large part of thoſe 
the thinks he knows. W re UT 3 1 
I am far from intending to deny reaſon any of its juſt tives; 
xperience itſelf is but an aſſiſtant to reaſon, and ſupphes informations to 
the underſtanding ; which ftill remains the judge, and has the power, or 
right, to examine, and make uſe of the teſtimonies that are preſented to 
it. The outward ſenſes are but the inſtruments of the ſout, which hears 
by the intervention of the ear, and in reſpect of which, the eye itſelf is 
but a more immediate optical tube; and rhe ſenſe does but perceive ob- 
;jefts, not judge of them. Nor do the more wary among the philoſophers 
truſt their eye, to teach them the nature of the viſible obje; but only em- 
-ploy 1t to perceive the phenomena it exhibits, and the —_—_ that happen 
to itſelf Py the action of it. Tis confeſi d too, that the ſenſes ny de- 
-ccive us, if the requiſites of ſenſation be wanting ; as, when a ſquare 
tower appears round at a diſtance, and a ftrait ſtick, half in the water, 
appears crooked tis, therefore, the part of reaſon, not ſenſe, ro judge 
-whether none of the requiſites of ſenſation be wanting; which, by the 
way, ken requires, not only reaſon, but philoſophy: and then, alſo, tis 
the part reaſon to judge what concluſions may, and what cannot, be 
ſafely grounded on the informations of the ſenſes, and the teſtimony of 
«experience. Bo that, when. we ſay, experience corrects reaſon, tis an im- 
proper aray. t-ipeaking ; ſince tis reaton itſelf, that, upon the information 
ienoe, «corrects: the j t it had made denk | , 


f experience, «carrefts 


* 
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To illaſtrate the uſe of reaſon, let us ſuppoſe an able judge coming to Physics · 
hear, and decide cauſes, in à ſtrange country: tis plain, that the general 
notions he brings with him, and the dictates of juſtice and equity, can give 
him but a very ſhort and imperfect knowledge of many things, that are 
requiſite to frame a right judgment about the caſes which will firſt be 
brought before him; and, till he bas heard the witneſſes, he may be very 
to fall into prejudiced opinions of things: but, when an authentis-: , 
and ſufficient teſtimony has clear'd matters. to him, he then pronounces, 
according ta the light of reaſon he is maſter of; to which the witneſſes did 
but give information; tho that ſubſequent information may have obliged. 
him to lay aſide ſome prejudices: he had entertain d before he "receiv'd it. 
And, what is ſaid of natural experience, with regard to the underſtanding,.. 
may, with due alteration, be apply'd to ſupernatural revelation : for here; 
alſo, the-underſtanding is to examine, whether the teſtimony be indeed di- 


vine; and whether a divine teſtimony ought to be d, in what it 
clearly teaches. I do not, therefore, degrade reaſon from the dignity that . 
belongs to it, of perceiving, and judgiug; tho it be 6 by its- own 


dictates, to take in all the aſſiſtance ſt can from-expe „ whether na- 

tural, or ſupernatural; and by the fuller accounts of things it receives 
from thoſe informations, to rectify, if need be, its former. leſs mature 

ent. | 
: 15 1 ſhort, thoſe wha ery up abſtract reaſon, as if it were ſelf- ſufficient, 
exalt it in words; but we * addreſs. reaſon to phyſical and xhegiogical 
experience, and direct it how to conſult both, and taka its informations 
from thence, exalt it in eſſect: and reaſon is much leſs uſefully ſervd by 
the former ſort of men, than by the latter ; ſince, whilſt thoſe do but 
Hatter it, theſe take the right way to improve t. 
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Man's INTELLECT owes: to 
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I J with ind; aden rs adds hae I hed many men, ind 
{ome of them divines too, who, little conſidering what God is, 
| * and 4 —— . and his _ as { 
and as tely, as of a geometrical re, or a me- 
Chanical engine. And, — tefs preſumptuous Frequenely diſcourſe, 

25 the nature and ns of that ET wk Being, were objects 
intellects co 


noe 
— *%, 
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3 Goa may have ſeveral ative, 3 perfections, utterly unknown 

; and of thoſe attributes whereof we have ſome knowledge, there are 

ele and p whoſe ſublimity, or abſtruſeneſs, fi — our com- 

prehenſion, makes the eee or author of them, our higheſt 

As there are two chief ways zo Ares at the knowledge of God's attri- 

Hutes; the worms . bt His Works, and the ſtudy of his word; it 

may be doubted her either, en of theſe, will ſuffice to acquaint 
aus with all his perfections. 

* "on ho” philoſop ophers have rationally deduced the power, wiſdom, and 

God, from thoſe marks of them which he hath ſtampt upon 

many — his viſible works ; yet, fince the divine attributes which the crea- 

Tures point at, are thoſe w themſelves have ſome participation, or 

3 and, ſince the fertility of the divine nature is ſuch, that its 
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be ſure, but 


preſſed in che viſ le world, or any of i its known parts? 
Some of thoſe divine attributes we know, being relative to the crea- Gel 


265 


ted, or repreſented man ways ; how can we Physics. 
— exuberant à Being, hay excellenrars not * * 


tures, could ſcarce be diſcover'd. by ſuch imperſect intellects as ours, bur: derſefions 
from confidering ſome actually done by God. Thus, ſuppoſing, e to 6. 


before the foundations of the viſible world were laid, the angels had no 


more knowledge than men; they could | ſcarce imagine in God a power of 
creating matter, and of producing local motion in it: much leſs could they 
have known how the rational ſoul, and human body act upon one another. 

Whence it ſeems probable, that if God hath made other yſtems than that 
wherein we live "(and who can aſſure us, he hath not 5 he may have 
diſplayed in ſome of the creatures that compoſe them, ſeveral attributes 
that we have riot diſcover'd by che help of thoſs works of his where with 


we are acquainted. 


I readily grant, that the revelations God hath vouchſaſed us, have 


clearly taught us ſeveral things — — — author, which 
the mere light of nature either would not have ſhewn, or but very dimly 
diſcover d. Yet the ſcripture itſelf informs us, that in this life © we know 
but in part, and ſee things bur darkly ;” and that we are ſo far from being 
able © to find out God to perfetion,” that even the ways of his provi” 
dence are to us unſearchable. Hence God may have attributes unknown 
to U. 9 0 amt 

6 — beall hat belies the rwo ways mentioned of attaining 
the — of God's attributes; there may be a third preferable to both 
the others, by conſidering dering the idea of a Being — or infinitely per- 
fect; in which idea, all poſſible perſections may be ſaid to be contained ; ſo 


that no new one can be added to it. And, indeed, I readily grant, that this | 


idea is the moſt genuine I am able to frame of the Deity ; yet there may be 
ſeveral attributes, which, tho in a general way contain d in this idea, are 
not, in particular, diſcovered to us thereby. Tis true, that when, by 
whatever means, any divine — 5 comes to our knowledge, we may 


well conclude, tis, in a f. comprized in the 1 notion we 


have of a Being abſolutely 0 the, tis poſſible, that would 
neyer have gs to our —.— i rw the bryce Een of x ao 
neral idea, but was ſuggeſted by whenes ich claſiy | 
fiot ſd much derived from, as re to the notion we are ſpeaking « 

Theſe conſiderations perſuade me, that God may have, not only various 
attributes, but various excellencies and perfections, unknown to us. And, 
farther, many of the 3 we know he hath, we have but an imper- 
ſect knowledge af, eſp compared with his'; for he paſſeſſes them in 
a manner peculiar to ror abr and far tranſcending that wherein men poſſeſs 
ſome faint reſemblances of them. 


The power en e and 


his incorporeal creatures. th * {| > 1 "$10, 
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3 4 —— — — manifoſd effects of the divinꝰ power, I ſhall mention only 
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tho oſten very manifeſt, are not very attentively reflected 
— = immenſe quantity of corportal ſubſtance that the divine power 
provided for the framing of the univerſe; F 
motion imp to it, and regulated in it. 5 


| 76 + = moor The vaſtneſs of that huge maſs of matter, 06 the corporeal, world 


| n *d,- ſeems to confirm this doe- 


conſiſts, cannot but 1 ous to thoſe who conſider it. 
That part of the univerſe, whi has been already diſcover d by human 
eyes, liſted with dioptrical glaſſes, is almoſt inconceivably vaft. The 
fix d ſtars of the firſt magnitude, that to vulgar eyes look but like ſhining 
ſpangles, are by aſtronomers affirm'd to exceed, each of them, DS. a 
Hundred times the whole globe of the earth in magnitude: and as little as 
theſe 7 —— they appear much leſs thro our tele- 
ſcopes; which that makes them look as they 
are painted, ſhew them little other than T han pl cal points of light. And 
the ſun, which is granted to be ſome millions of miles nearer to us than the 
other fix'd ftars; tho it ſeem at this leſs diſtance not to be half a foot 
broad; is by the generility of mathematicians allow d to be eight or ten 
— times as — — e And it plainly appears by 
the parallaxes and t the 22 hoeey in- 
| — tho it be Aided into _ may nh —— and — and 


cf eee Ps eons ——_— phyſicalpoins, N Nay, 


the work if Tha into one, would, perhaps, bear a leſs proportion to 
1 as an i 
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pr the hole ab 15 of ſpa 2 don. 444 exiſts ; whence the idle would 
af a e ov a be cena it An ia Þs ſarrounded; with an infinite ſane ; 
« able, as more „ = > ener are 


And the ſuperficial ſtars would gravi- 
tate towards thoſe near the centre, 
6 and with an accelerated motion, run 
into F and in — — ſs of time 8 
7 © nite into one. the Whole be 


* trine. Were the whole ſyſtem finite 
And, "tho ever d eftended, Bill 
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From the vaſt extent of the univerſt, I proceed to conſider the ſtupen- Prixsics-. 
dous quantity of motion, that the divine power has given the parts of it, LAWS 
and continually maintains in it. Of this we may make an eſtimate, by 2 
conſidering with whar velocity ſome of the greater bodies are moved, and tio» gives there 
wy large a part of the remaining bodies of the univerſe, is alſo en od 2a A ws. 
with motion. | | | n 
The leaſt velocity I ſhall mention, is that afforded by the Copernican hy- 
potheſis ; according to which, the earth revolves from weft to eaſt, about 
its own axis, in four and twenty hours; yet this 2 globe, which 
we think ſo great, that we commonly call it the world, moves at ſuch a 
rate, that, as the learned Gaſſendus computes, a point ſituated in the equa- 
tor of it, moves about twelve hundred feet in a ſecond minute: fo that a 
bullet ſhot out of a canon, ſcarce flies ſo ſwift. 

But this velocity is ſcarce comparable to that of the fix d ſtars ; if we 
* them to move, in four and twenty hours, about the earth. For ſup- 
poſing the diftance aſſign'd by Tycho between us and the firmament to be 
eren thouſand diameters of the earth; a fix d ſtar in the equator, moves, 
as Mullerius calculates, 3,153,333 miles in an hour, and conſequently 52,555 
in a minute, and 875 in a ſecond ; that is, three thouſand times faſter than 
a canon-bullet ſhot into the air. Iis true, that according to the Prole- 
maic hypotheſis, a fix'd ftar in the equator moves, at moſt, but three ſemi- 
diameters of the earth in a ſecond ; but, iy ws $7 Ricciolus, this velocity 
is fifty times greater than in the Prolemaic hypotheſis; and threeſcore and 
ten times greater than in the Tychonian. For, according to him, ſuch a fix d 
ftar as we ſpeak of, moves 629,128 Engliſh miles in a ſecond. 
But —— — ion 4 1 which, tho gu into — is com- 
monly ſu to be at reſt, is ſo t, that, perhaps, the quantity of motion 
diſtributed among ſeemingly quieſcent bodies, may 18 e mo- 
tion which the firſt mover has communicated to the fix d ſtars; tho we fup- 
poſe them whirl'd about the earth with that ſtupendous ſwiſtneſs, the 


and light will be diminiſh'd, and the 


„infinite, all the parts of it would be 


„nearly in equilibrio;, whence each fix'd 
** ſtar, being attracted by contrary powers, 
* would keep its place, or move till from 
* ſuch an equilibrium it comes to reſt. 
« "Tis no more abſurd, that the fix'd ftars 
* ſhould exceed any given number, than 
* that duration ſhould eternal, becauſe 
no number of days or years can com- 
« plete it... "Tis ſaid, I know, that if the 
„number of the fix'd ſtars were more 
than finite, the whole ſurface of their 
apparent ſph would be luminous. 
But if we ſuppoſe all the fix'd ſtars to 
de as far from one another, as the near- 
< eſt, of them is from the ſun; that is, if 
ve may-ſuppoſe "the ſun to be one of 


them; at à greater diftance, their dias 
9 | Mm 2 
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« ſpace to contain them increaſed, in the 
e of the ſquares : ſo that in each 
pherical ſurface the number of ſtars it 
might contain, will be as the biquadrate 
« of their diſtances. If then, as it needs 
„% muſt, the diſtances be immenſely great, 
« it will follow, that as the light of the 
* fix'd ſtars diminiſhes, the intervals be- 
« tween them decreaſe in a leſs propor- 


40 
cc 
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« procally. And the more remote ftars 
« are ſo ſmall, that they muſt vaniſh, eyen 


* 


| 


naked eye.” PA. Tranſ, Ne 364. Pas. 


«tion; the one being as the diſtances, 
| « the other as the ſquares thereof, reci- 


ein the moſt exquiſite teleſcopes; as a . 
* ſmall teleſcopic ſtar is inviſible ro the 


ſyſtem 


ParsICs. 


ſyſtems of Ptolemy and Hebo ſoppoſe. For the fix d ſtars, 


planets, or all 


| mundane. globes, whether Jucid or opake, together bear but a ſmall 
| E to the interſtellar part of the univerſe. And tho I ſhould al- 
0 


w all theſe globes to be ſolid, yet ĩt muſt be confeſs d, that each of them 


ſwims in a fluid of much greater extent than itſelf. So that the fluid por- 


ee tion of the univerſe will, in bulk, almoſt incomparably exceed the ſolid. And 


if we conſider the nature of a fluid body, we ſhall find it conſiſt in having 
its minute parts perpetually and yarioully moved ; ſo that tho the whole 
body of a liquor ſeems to be at reſt, yet its component parts are in a perpe- 
tual motion; continually ſhifting places am themſelves. 
And becauſe the ae of motion ſhared by the corpuſcles that com- 
poſe fluids, is not uſually reflected on by 1 I ſhall add, that 
we may gueſs how great and vehement a motion there may be in the parts 
of fluid bodies, perhaps, when the aggregates of thoſe particles appear to 
be at reſt, by obſerving them when their ordinary motions happen to be 
diſturb d, or to be extraordinarily excited by fit conjunctures of circum- 
ſtances. Thus we ſee the ſtrange force and eſſects of boiſterous winds and 
whirl-winds, which are but ſtreams and whirl- of the inviſible air, 
whoſe ſingly ĩnſenſible parts are by accidental cauſes determined to have their 
motion made either in a ftrait line, or, as it were, about a common centre. 
Thus when a mine of gun-powder is ſprung, the flame, or ſome ſubtile 
ethereal ſubſtance, that is always at hand in the air, tho both are fluids, 
and the powder perhaps be kindled but by one ſpark. of fire, inſtantly 
exerts a moſt rapid and furious mo ti. 
Ibe velocity of theſe diſcharged. flames may appear from that which 
wder impreſſes on a bullet, ſhot out of a well-charg'd gun; and this 
Sher eunus, after ſeveral trials made to meaſure it, defines to be about 450 
feet in a ſecond. If, then, we admit the probable opinion of the Cartefiars, 
that the earth and planets are-turn'd about their own axes. by themotion of 
the reſpective ethereal vortices in which they ſwim ; wie ſhall eaſily grant, 
that the motion of the celeſtial matter, which moves, for inſtance, upon the 
remote, confines of the earth's yortex, is by a vaſt exceſs more rapid than 
that of the ſurface of the earth. But if we chuſe the Tychonic- hypotheſis, 
which makes the firmament, with all the vaſt globes of light that adorn it, 
to move about their common centre in four and twenty Hours, the motions 


| r mu d indeed a ſcarce 


imaginable rapidity. ..//, - / 


of the celeſtial, matter muſt he allow d a far greater, 

Hence we may have more enlarg d conceptions of the power and wiſdom 
of the great Creator, who has both put ſo wonderful a quantity of motion into 
the umverſal matter, maintains it therein, and is able, not only to ſet bounds 
to the raging ſea, but ſo to curb and moderate thoſe ſtupendouſly rapid mo- 
tions of the mundane globes and intercurrent fluids, that neither the un- 
wieldinefs of their bulk, nor the celerity of their motions, have made them 
Ay out, for many ages. And if the ment itſelf, whoſe motion, in 
the, vulgar Meeres is by much the molt rapid in the world, fail of ex- 
actly completing its revolution in four and twenty hours; that retardation 2 
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rſt ſtar in Aries, which was then near the beginning of it, is not yet 
come to the laſt degree of that ſi 


The wiſdom of God is expre d in two different manners. Sometimes The wiſdow of 
it is ſo manifeſtly diſplay d in familiar objects, that even ſuperficial ſpecta- Ga Hhmen# 
tors may take notice of it. But there are many other things, wherein thne 


< treaſures of wiſdom and knowledge” may be ſaid to lie deep. 


 'Thecontrivance of every animal, and eſpecially of a human body, is ſo = ay 
curious and exquiſite, that tis almoſt impoſſible for any one, who has not avimal 


ſeen a diſſection well made, and anatomically conſider d, to conceive how 
much excellent workmanſhip is diſplay'd in that admirable. engine. Nay, 
the meaneſt living creatures of God's making, are far more wiſely con- 
trived, than the moſt excellent pieces of workmanſhip that human heads 
and hands can boaſt. No watch or clock is any way comparable, for ex- 
quiſiteneſs of mechaniſm, to the body of an aſs or a frog. | 

But God's wiſdom is recommended, as well by the variety, and conſe- 


quently the number of the kinds of living creatures, as by the fabric of each 


of them in particular. The skill of human artiſts is, for the moſt part, 
limited to one, or to a few ſorts of contrivances ; whilſt the great author 
of nature has not only created four principal forts of living engines, - beaſts, 


birds, fiſhes, and reptiles ; which differ — * one another, as 
their parts, required 


the ſeveral regions, or ſtages, where they were to a 
they ſhould ; but under each of theſe comprehenſive genus's are com- 
priz'd many ſubordinate ſpecies of animals, which differ exceedingly from 


others of the ſame kind, according to the exigency of their icular na- 
tures; as the hog and the hare, the parrot and the batt, 2 a 


the ſtar- fiſn, c. . | | 
And what greatly enhances the excellent contrirances to be met with 


in theſe automata, is the ſymmetry of all the various parts whereof each 
of them conſiſts. For tho? an animal, conſider'd in his ſtate of intireneſs, 
is juſtly look d upon as one engine; yet, really, this whole machine is a 
complex thing, made up of ſeveral parts, which, conſider d ſeparately, - 
Hof them, for a ſubordinate engine, excellently fitted for ſome 
uſe. It ought, therefore, highly to reco the wiſdom of 
the great former of all things,” that he has ſo framed each particular part 
of animals, as not to let the skill beſtow d on that, render the other leſs per- 
fect: which manifeſts, that this great artiſt had the whole fabric under his 
eye at once; and did, at one view, behold all that was beſt to be done, in 
order to compleat the whole animal, and all its parts, at once: whilſt many _ 


may pals, eac 


excellent cers, who can make a ſingle engine very oompleat, may not be 
able to make it a commodious part of an aggregate of e 
ſeveral can make pendulum-clocks go very regularly on 
yet fit them to meaſure time, exactly, in a ſhip, at ſea. 
But how much more wonderful than the ſtructure of the 


n 
, they cannot 


| nr 
muſt be the contrivance of the Semen animatum; ſince all the future parts, 


the functions, and many actions of the animal to be produced, muſt be 


durably - 


es. Thus, tho 
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. durably delideated, and couch'd in a little portion of matter, that ſeems 
bomogeneous, and is, unqueſtionably, fluid? And what much increaſes the 
* Wonder, is, that one of theſe latent impreſſions, or powers, namely, the 
„ prolißc, is to lie dormant, perhaps, above thirty or forty years, — then 

do be able to produce many more ſuch engines, as is the animal itſelf. 
Ts the mutzal' Another way whereby God manifeſts his wiſdom in his corporeal crea- 
mſefulneſs of ON tures, is their mutual uſefulneſs to one another, in a relation either of de- 
2 . pendence, or co-ordination. This ſerviceableneſs may be conſider d, ei- 
tther as the parts of the animal have relation to one another, and to the 
whole body they make up; or, as intire, and diftint bodies, which have 
a regard to, or dependence on each other. To the firſt ſort of utility be- 
long the offices of the parts of the body which ſome of them exerciſe for 
the good of the whole; as, the ſtomach for concocting the aliment ; the brain 
for tupplying animal ſpirits ; the kidneys to ſeparate the ſuperfluous ſerum 
| of the blood. There are, alſo, many other particular parts that have a 
great ſubſerviency to one another. And ſeveral conſents of parts, and 
utilities, chat accrue from one to the other, are farther diſcovered by diſ- 
eaſes ; which, primarily affecting one part, or member of the body, diſ- 
cover that N has a 2 ce on it, or a particular relation to it. 
To the ſecond kind of utility belong thoſe parts that diſcriminate the ſexes 
-6f animals; which have ſuch a relation one to another in the male, and the 
female, that tis obvious they were made in order to propagate the ſpecies. 
It were endleſs to obſerve, the wiſdom and goodneſs manifeſt in the 
works of creation; the ſituation of the ſun, its motion in the ecliptic, 
trade-winds, ſtated rains, Oc. with regard to the welfare of men, and 
other animals. Thus, too, we ſee, that, according to the uſual courſe of na- 
ture, lambs, kids, &c. are brought into the world at the ſpring of the year, 
hen render graſs, and other nutritive plants, are provided for their food. 
The like may be obſerved in the production of filk-worms, whoſe eggs are 
hatch'd when mulberry-trees begin to bud; whereon theſe inſets are to 
feed; the aliment being tender whilſt the worms themſelves are ſo; and 
proving more ftrong and ſubſtantial, as the inſets increaſe in vigour and 


laue hicherto taken notice only of the productions of God's power 
ud wiſdom obſerved in the viſible world.. But, perhaps, as the ſun, the 
the ſolar.--neareft fixed ftar to us, has a whole ſyſtem of planets that move about him 
o ſome of the other fixed ftars may be centres of other ſyſtems of. celeſtial 
'globes : ſince we ſee, that even ſome planets, determined by aſtronomers 
to be much inferior in bigneſs to the fixed ftars, have other globes, that 
do as it were, depend on them, and move about them; the earth has 
the mocn for its attendant; Saturn is not unattended; and Jupiter has 
no leſs chan four ſatellites. But none of theſe ſecondary planets, that 
move about Saturn and Jupiter, are viſible to the naked eye; and were, 
ie unknown to the aſtronomers who liv'd before the invention 
teleſcopes,” Now, in caſe there are other mundane ſyſtems, beſides 
ais Fans one of ours; I think it may be, probably, W 


* 11 F 
* *. — 27 
2 


The Veneration due to Go p. 


dom in the contrivance and government of ſyſtems, that, for ought we v 


| know, may be framed and 1 in a manner quite different from 
uchat is obſerved in that part of the univerſe known to us. 


However, we need not fly to imaginary ultra- mundane ſpaces, to be 


convinced, that the eſſects of the power and wiſdom of God are worthy of 
their cauſes, and not a tely underſtood by us; if, with ſufficient at- 
tention, we conſider that innumerable multitude, and unſpeakable variety 
of bodies, that make up this vaſt univerſe. For there being among theſe, 
a ſtupendous number, that may be juſtly look d upon as ſo many diftin&t 
engines, and many of them very complex; to know that all theſe, with the 
reft of the mundane matter, are every moment ſuſtain d, guided, and go- 
vern'd, according.to their reſpective natures, and with an exact regard 
to the general laws of the univerſe ; to know that there is a Being, who, 
every where, manages all things, without either aberration, or intermiſſion ; 
is a thing, that if we attentively reflect on, ought to produce in us great 
wonder, and adoration. Fr 

The Epicureans of old did, with ſome colour of reaſon, urge againſt 
the belief of a divine providence, that tis incredible the gods ſhould be 
ſufficient for ſuch differing and diſtracting employments, as, according to 
the exigencies of nature, to make the ſun to ſhine in one place ; the rain to 
ſhower down in another; the winds to blow in a third; the lightning to 
| flaſh in a fourth; the thunder-bolts to fall in a fifth; and other bodies to 
act and ſuffer, according to their reſpective natures. We, therefore, who, 


man, and other intellectual Beings : as the picture of a plain ſimple thing ara 
S + 


the laws of optics, Oc. may be fully expreſs d. And it may well be 
preſumed, that if we were as familiarly acquainted with God's incorpo- 
ſhould perceive, that as ſpirits 


are incomparably more noble than bodies; ſo the divine wiſdom employ'd 


in'the — Oe and conduct of them, is more glorious than that Which 
we juſtly admire in the conduct of his co works. And, indeed, let 
a portion of matter be ever ſo fine, and ever ſo well contrived, it will 
not be more than an engine deſtitute of underſtanding and will; and 
whoſe excellency, as well as its diſtinction from other bodies, even the 

and moſt imperfect, can conſiſt but in mechanical properties; 
which neither excite themſelves into motion, nor regulate and ſtop the mo- 
S190 W tion 
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God has given peculiar,” and admirable inſtances of his inexhauſted wif” Pwysics! I 


enn e 


es D once are in: N true ſpirits, or immaterial ſubſtarices, 
n ve, * God's appointment, belongi ng to their nature, — Way nr 


mY Gm deſire to pry into the myſteries of it. 
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may be look d upon, as, in a manner, a diſtinct ſpecies of 
— And, the government of one dæmon, br (non ror ro 


ones ſettled by the great creator; "From: 
ny own 1 ny ſwerve. al 


iu, and an internal principle, both of afting, and of arbitrarily 
action. And tho God, as the ſole creator of all ſubſtances, has, a 

may exereiſe, an abſolute dominion over all his creatures, as well imma- 
terial as corporeal; yet, ſince he thinks fit to govern ſpirits according to 
Of 5 he has given them; to n ſuch intelligent, Toe, and powerful 
good and bad. - and to govern them on ſuch 13 as 

< ally v to rte 2 men of his glory, ee eee of 
m ſubtily inately op requires a wiſdom and providence 
tranſcending any that can be pad in the formation and ma | 
of. merely | corporeal Beings. For inanimate engines may be contrived, 
to act as we-pleaſe; whilſt angels, and human ſouls, are endow'd with a 
freedom. of acting, in moſt .caſes, as they pleaſe themſelves. 'Tis far 


. eauer for a watch- maker to regulate the em of a watch, rome the af- 


fections and actions of his ſon. 
Angels, whether good or bad, are very intelligent and active Bei 


and . each of them is endow d with an inteilect capable of — 2 


tions, and degrees, or variations of knowledge; with a will capable of 
no leſs numerous acts; of having various influences upon the under- 
ſtanding, and. of being variouſly affected by the dictates of it. So that each 
particular angel, being — gs of ſo = ey rn e ſtates, 

intellectual 


om and power of God, 


n — wa 
have no wills 


e tells us, — in the cconomy of man's ſalvation, thees i is 
— of the © manifold wiſdom of God” _ reſs d, that the angels them- 


hen our ſaviour, having told 
His apoſtles, that the day and hour of his future coming was not — 


 . known. to any, ſubjoins, no not to the angels of heaven, he ſufficient 


intimates them to be endow d with excellent knowledge, fn to ths 
of men: which » perhaps, may be one of the reaſons why the iptare fiylcs 
them angels of light.” Ie alſo teaches us, thar the good angels ate vaſtly 


| . e *. as they are of diſſering orders, God aſſigns them 


and important employments, both in heaven, and on earth; 


5 cy nk) ſometimes, ſuch as 2 them, in diſcharge of their re 


ſpective truſts, 
— — the carrying on of interfering deſigns. The ſame ſcripture; 
by of the be devil, For his angels, and of the © great dragon, that 


2 drow den down with his rail the third part of the ſtars from heaven to earth; 


dy mentioning a Whole legion of devils that eg a ſingle man, 


us ground to conclude, that there is à politic ernment in 
the Kingdom of d. of darkneſs; that the monarch of it is exceeding powerful, 
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whence he is ſtyled the prince of this world; and ſome of his officers have Parzes:. Il 
the titles of 2 powers, rulers of the darkneſs of this world, Cc. RY x f 
that the ſubjects of it are exceeding numerous; that they are deſperate f 
enemies to God and men ; that they are falſe and crafty ; and that 
their malice is active, reſtleſs, and great. ſe-things being taught us 
in the ſcripture itſelf, we may rationally ſuppoſe, that if we were quick- 
ſighted enough to diſcern the methods of the divine wiſdom in the govern- 
ment of the angelical, and of the diabolical worlds ; we ſhould be raviſh'd 
into admiration how ſuch intelligent, free, powerful, and immortal agents, 
ſhould, without violence offer'd to their natures, be made, in various man- 
ners, to conſpire to fulfil the laws, or, at leaſt, accompliſh the ends of that 
great theocracy, which not —4— to all kinds of bodies, but com- 
prizes the whole creation, or the great aggregate of all the creatures of 
God. And, indeed, to make the voluntary, and, perhaps, the moſt 
actions of evil men, and of evil ſpirits, ſubſervient to his wiſe, and ju 
ends, no leſs recommends the wiſdom of God, than it would the skill of 
a pilot, to contrive and fteer a ſhip, ſo as to ſail to the deſigned port, not only 
with a ſide: wind, but with one that was quite contrary, and tempeſtuous. 
At that great decretory day, when the whole off-ſpring of Adam ſhall, 
by the 2 and trumpet of the arch- angel, be call'd together, from 
the remoteſt ages and moſt diſtant climates in the world; when the fal'n 
angels, and all the human actors that ever lived, ſhall appear upon the ſtage 
at once; when the dead ſhall be raiſed, and the books ſhall be open d? 
then the wiſdom of God will ſhine in its metidian luſtre, and full ſplendor ; 
and not only the occurrences which relate to the lives and actions of par- 
ticular perſons, or of private families, and other leſs ſocieties of men, will 
be there found not to Nas been overlook'd by the divine providence ; but 
the fates of kingdoms and commonwealths, and the revolutions of narions 
and of empires, will appear to have been order d and over-ruled by an in- 
comparable wiſdom: And thoſe great politicians, who thought to out-wit 
providence, by their refined ſubtilties, ſhall find themſelves taken in their 
own craſtineſs; ſhall have their = ow * counſels turn'd into fooliſhneſs ;”* 
and not be able to keep the amazed world from diſcovering, that whilft 
= thought they moſt craftily purſu d their own ends, they really accom- 
pl 


*d thoſe of And the ſubtile h ites, who thought ro make 
pretended religion the inſtrument of their ſecular deſigns, ſhall find thoſe 
deſigns defeated, and made truly ſubſervient to that advancement of reli- 
gion, which they, in reality, never aim'd at. 5 

To employ, and keep in order, a very complicated engine, tho all the 

s of it be inanimate, and deſtitute of purpoſes and ends of their own, 
is juſtly counted a piece of skill. And this task is more difficult, and, 
conſequently, recommends the conduct of the artiſt, in proportion to the 
intricacy of the ſtructure, and the number of pieces whereof the engine 
conſiſts. How aſtoniſhing, then, will appear that wiſdom and providence, 
which is able to guide, and over-rule many thouſand millions of engines, 
endow'd with wills, ſo as to make them all be found, in the final ile of 
V or. II. Nn things, 
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ParsIcs. things, ſubſervient to purpoſes worthy of divine providence, holineſs, 
In ſhort, when all the actors ſhall appear at once upon the ſtage ; when 
all diſguizes ſhall be ſtript off, all intrigues diſcovered, all hearts and de- 
ſigns. laid open; then to find, that this whole amazing opera, that has 
been acting upon the face of the earth, from the beginning to the end of 
time, has been ſo contrived, and carried on, by the great author of the 
ld, and of men, that their innumerably various actions, and croſs- de- 
e are brought to conſpire to the accompliſhment of a plot worthy of 
od; will appear an effect of ſo vaſt, and ſo all- pervading a wiſdom, that 
human intellects will with admiration confeſs, nothing but a divine omni- 
fence conld.compats:;:.-: 1 | on onus lo e Nr 
inftences In the. redemption of mankind, more of the divine attributes, than are 
Laa, commonly taken notice of, have their diſtinct agencies; and their co-ope- 
way, ration is 1o admirably directed by the divine wiſdom, that an apoſtle might 
juſtly call it the great — 2 of godlineſs. un 5 
3 many divines have largely treated of this ſubject; tho“ I doubt 
whether moſt of them have not been more happy in avoiding errors about 
it, than ſucceſsful in unveiling the myſteries couch d in it. There are, in 
the great work of man's redemption, ſome characters and footſteps of the 
divine wiſdom ſo conſpicuous and refulgent, that a belieyer, of mean 
parts, may eaſily. diſcern them. But there are alſo, in this ſublime and 
nprehenſive work, ſome. © depths of God, and ſo much of © the wiſdom 
of God in a myſtery, that I cannot think it eaſy to haye a mental eye, ſo 
enlighten d, and ſo piercing, as to treat largely and worthily of ſo vaſt 
and abſtruſe a ſubject. And, indeed, a man muſt know much of the nature 
of ſpirits in general, and even of the father of them, God himſelf; of the 
intellect, will, Cc. of the ſoul of man; of the ſtate of Adam in paradiſe, 
and of the influence of his fall upon his poſterity; of the natural, or arbi- 
trary vindictive juſtice of God; of the grounds, and ends of God's in- 
. puniſhments; of the admirable, and unparallel'd perſon of Chriſt; 
of thoſe qualifications, and offices, that are required to fit him for wy; or 
redeemer; of the nature of covenants, and the conditions of thoſe which 
vouchſafed to make with man; of the divine decrees, with regard to man's 
final ſtate; of the ſecret, and powerful operations of grace upon the mind, 
and the manner by which the Spirit of God works upon the ſouls of men, 
which he converts, and e by ſanctification to glory; in ſhort, there 
are ſo many points, moſt of them of difficult {| tion, that are fit to 
be diſcuſs'd by. him, who. would ſolidly, and fully treat of the world's re- 
demption. by Griſt, that, when I reſſect on them, I am ready to exclaim 
with St. Paul, ** who.is ſufficient for theſe things? And, I am ſo far 
from wondering, that the generality of divines, and other writers on this 
ſubjeR, have not fully ** yd the wiſdom which God has expreſs d in this 
great work, that to have been able to accompliſh it in ſo admirable a way, 
as God has actually contrived, and made choice of; is one of the chief 
reaſons of my admiration of the wiſdom itſelf. And, I am perſuaded, 
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that for God to reconcile; his inflexible juſtice, his exuberant mercy, and Pures, 
all thoſe other attributes that ſeem'd to claſh, inevitably, about the delign'd L/WNys ! | 


ſalvation of men, and make them co-operate to it; is a ſtupendous mani- 
feſtation of wiſdom : there being no propoſition in Diophantus, or Apollonius, 


in algebra, or pn. g to © cult to be ſolv d, of that requires 9 
prope 


a greater number rtions and congruities, to be at once attended 
to, and made ſubſervient to the ſame ends; as that great pro- 
pounded by God's infinite * to his divine wiſdom; the redemption 
of loſt and perverſe mankind, upon the terms declared in the goſpel: which 
are — Gated to promote, at once, God's glory, and man's felicity. 
We have here, and that very imperfectly, only ſpoke to two of God's Thc imme dif 
attributes, his wiſdom, and his power: tho there are many others where- foe brnecs 
with we are acquainted ; and, perhaps, ſtill more whereof we are igno- bis creatures, 
rant. Now, the natural and genuine reſult of all theſe divine perfections, 
muſt be a moſt glorious majeſty, that requires the moſt lowly and proſtrate 
veneration of all his intelligent works. And, accordingly, the angels, of 
all his mere creatures the moſt excellent and knowing, are repreſented in 
the ſcripture, as aſſiduouſly employing themſelves in obeying and ſerving, 
" —— ng and adoring the divine majeſty, with the utmoſt lowlineſs and 
ub [ 


ON. : g . 

This profound. reſpect of the angels, is not to be wonder'd at; ſince, 
where eſteem ſprings not from ignorance, but knowledge; the greater 
the ability and opportunities are of having the knowledge clear and 
heighten d, the greater veneration muſt be produced in an intelligent 
Being for the object admired.; whoſe s are here ſuch as even 

an angelical intelle& cannot fully reach: for, as a line, by being ever 

fo much extended in length, cannot grow a ſurface; ſo neither can cre- 

ated perfections be, by any ideas, magnify d into divine ones. And, in- 
deed, ſpeaking in general, the creatures are but ſhadowy, and arbitrary 
pictures of the great creator; of many of whoſe perfections, tho they have 

ome marks; yet they are ſuch, as rather give the intellect riſe and occa- 

ſion to take notice of, and contemplate the divine originals, than afford ir 

true images of them. The awful reverence paid to the ſupreme Being by 

thoſe excellent ſpirits, who are greater in power and might than we,” 

ought to admoniſh- us of the ecſtatic reſpect we owe him; and teach us, 

that whenever we ſpeak either to God, or of him, we ought to be in- 

wardly affected with the unmeaſurable diſtance there is between a moſt 

verfect and omnipotent creator, and a mere impotent creature. 
The diſtance betwixt the infinite creator and the creatures, which are The ſuperiorics 
but the limited and arbitrary productions of his power and will, is ſo vaſt, Lai d 
that all the divine attributes, or perfections, by unmeaſurable intervals that of wes. 
tranſcend thoſe faint reſemblances of them, that he has been pleaſed to 
impreſs, either upon other creatures, or upon men. God's nature is ſo 
peculiar, and excellent, that there are qualities, which, tho? high virtues in 
men, cannot belong to God, or be aſcribed to him without derogation. Nay, 
there are ſome virtues that W in his mortal _ 
Akita. n 2 But, 
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Prrotes. But, whatever excelleneies there be, that are ſimply and abſolutely ſuch, 
aud fo may, witheut diſparagement to his matchleſs nature, be aſcribed to 


our knowl is incomparably inferior to his. For tho 


- God, we may be ſure tfiat he poſſeſſes them; fince he is the original au- 
thor of all the degrees, or reſemblances, we men have of any of them. 
The pſalmiſt's reaſoning is He that planted the ear, ſhall he not 
Thear? He that formed the eye, ſhall not he ſee? He that teacheth 
man knowledge, ſhall not he know 7 Since all the perfections communi- 
cated to, or to be found in the creatures, being emanations of the divine 
excellencies, belong as much to God, as, in a bright day, all the luminous 
rays found in the air, belong to the ſun. The vaſt difference, then, be- 


- - tween the perſections of the great creator, and thoſe that are analogous to 
tdtem in the creatures, reaches to all the perſections to be found in both: 
bur the human underſtanding, as it values itſelf upon nothing more than 


wiſdom and knowledge; fo there is nothing that it efteems, and re- 
verences, more in other Beings, and is leſs willing to acknowledge itſelf ſur- 
paſs d in, than theſe. Now, tis certain, that God knows innumerable thi 
with which we are altogether unacquainted : he cannot but know all | 
creatures he has made, whether viſible or inviſible, corporeal or immate- 
rial; and what he has enabled them to do. Nay, ſince he cannot but know 
the extent of his own infinite power, he cannot but know numberleſs 
things, as le, that he has not yet made, or, perhaps, ever wilt make. 
He, alſo, knows thoſe things whereof we men have ſome knowledge, in a 
manner, or degree, peculiar to himſelf. As, what we know but in part, 
he knows fully; what we know but dimly, he knows clearly; and what 
we know but by fallible-mediums, he knows moſt certainly 

But 1 — — of God's knowledge, is, that he perfectly 
knows himſelf ; that knowledge being not only roo wonderful for man, 
bur d the reach of an angelical intellect: ſince, fully to comprehend 
the infinite nature of God, no leſs than an infinite underſtanding is requi- 
ſite. And for the works of God, even in thoſe that are — 'corporeal, 

ome modern 

philoſophers have made ingenious attempts to explain the nature of things 


_ corporeal ; yet their explanations generally ſuppoſe the preſent fabric of 


the world, andthe laws of motion ſettled in it. But God knows, * 
cularly, both why, and how the univerſal matter was firſt contrived into 
- this admirable univerſe; rather than a world of any other of the number- 
Teſs conſtructions he could have given it; and both why thoſe laws of mo- 

tion, rather than others, were eſtabliſhed ; and how ſenſeleſs matter, to 
whoſe nature motion does not at all belong, comes to be put into motion, 
and qualify d to transfer it, according ro determinate rules, whiclritſelf 


cannot underſtand. But when we come to conſider the particular, and 


more elaborate works of nature; ſuch as the ſeeds, or eggs, of living 
ereatures, Oc. the ingenuous confeſs, and the confident betray their igno- 


rance. Tis likely, that we men know ourſelves better than what is with- 
out us: yet how ignorant we are at home, if the endleſs diſputes of Ari- 


Foth, and his commentators, about the human ſoul, and of phyſicians and 
2 ä s 1M anatomiſts, 
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anatomiſts, about the mechaniſm of the human body, were not ſufficient to 
* manifeſt, twere eaſy to ſhew, by the very conditions of the union of the 
ſoul and body: which, being ſettled, at firſt, by God's arbitrary inſtitution; 
and having nothing in all nature parallel to them; the manner and terms 
of that ftrange union, is a riddle to philoſophers ; but muſt needs be clearly 
known to him who alone inſtituted it, and preſerves it. There are ſeveral 
advantages of the divine knowledge, above that of man. For, we can 


ceive, and ſufficiently attend but to few things at once; but God's 


nowledge reaches, at once, to all that he can know ; his penetrating eyes 
pierce quite thorough the whole creation at one glance ; and“ there is no 
© creature that is not manifeſt in his ſight.” He always ſees incompa- 
rably more objects at one view, than the ſun himſelf, endued with fight, 
could do. For God beholds, at once, all that every one of his creatures, 


in the vaſt univerſe, either does or thinks. The knowledge of God is, 


alſo, not a progreſſive, or diſcurſive thing, like that acquir d by our rea- 
ſoning; but an intuitive knowledge. en, by reaſon of the limitedneſs 
and imperfections of their underſtandings, are obliged to make the notice 
they have of one thing, a ſtep and help to acquire that of another, lefs 
known : but God, whoſe knowledge, as well as his other attributes, is 
infinitely perfect, knows every thing in itſelf ; and, all things being equally 
known to him, he can, by looking into himſelf, there ſee every Tits that 
is knowable, moſt ages yet all at once. But, further, God knows the 
moſt ſecret thoughts and intentions of men ; whence he is call'd the 
* ſearcher of all hearts;” nay, he knows mens thoughts afar off“ And, 
by the way, how imperfetly muſt mere philoſophers know God, ſince 
they know him but by his works; and know his works themſelyes but 
very imperfectly? Another conſpicuous prerogative of the divine know- 
ledge, is the preſcience of future contingencies, that depend upon the de- 
terminations and actions of free agents. For we men are fo far from being 
able to ſtretch our knowledge to the diſcovery of ſuch events, that the 

eateſt ſcholars in vain have try'd to diſcover how God himſelf can fore- 
know them; and, therefore, too many, even among chriſtians, deny that 
he can; tho” by ſeveral accompliſh'd predictions, recorded in fcripture, it 
manifeſtly appears, that he does. Y 


When I conſider the tranſcendent excellency, and the numerous prero- The obligations 


Paysrcs. 
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gatives of the Deity, I cannot without wonder and concern obſerve, that ts dete and 
rational men, profeſſing chriſtianity, ſhould wilfully neglect to acquire, or . G. 


reflect on, thoſe notices that are apt to increaſe their knowledge of | 
and conſequently their veneration for him. To aſpire to a farther know- 
ledge of God, that we may the better adore him, is a great part both of 
man's duty and his happineſs. God, who has put into men an innate de- 
fire of knowledge, and a faculty to diſtinguiſh the degrees of excellency in 
different notices ; and to reliſh: thoſe moſt, that beſt deſerve it; and has 
made it his duty to ſearch and inquire after God, and to love him above all 


things; would not have done this, if he had not known that thoſe who 
make a right-uſe of their faculties, muſt find him to be rhe! nobleſt * 
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n 
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of the underſtanding; and that which moſt merits their wonder and vene- 
ration. And, indeed, what can be more ſuitable to a rational creature, 
than to employ reaſon to contemplate that divine Being, who is both the 


author of its reaſon, and the nobleſt object, about which it can poſſibly be 


or the opinions and cuſtoms of ſome nations or ſects, that did not, 

ps, reaſon or live any better than we do now, are thought worthy of 
curiolity, and even of the laborious induſtry of learned men; and the ſtudy 
of things merely corporeal, gains men the honourable title of philoſophers. 
But whatever theſe objects of inquiry be, in themſelves, tis certain the 
teſt diſcoveries we can make of them, are but trifles, in compariſon 

of the excellency of the knowledge of God; which as much ſurpaſſes 
that of his works, as he himſelf does them. And 'tis the prerogative of 
his nature, to be infinitely above all that he has made; whether we con- 
template the works of nature, or thoſe of art ; the former whereof are 
under another name, his more immediate works; and the others, the 
effects of one of his works; and, by conſequence, originally his. And tho? 
it be moſt true, that God has been pleaſed to ſtamp on the corporeal world 
ſuch impreſſes of his power, wiſdom, and goodneſs, as have juſtly exacted 
the admiration even of philoſophers; yet the great author of the world is, 
himſelf, incomparably ſuperior to all his workmanſhip : ſo that, tho' he 
could have av; and always will be able to make, creatures more per- 
ſect than thoſe he has made, by infinite degrees; yet the prerogative 
of his nature will keep him, neceſſarily, ſuperior to the moſt excellent 
creatures he can make; ſince the very condition of a creature hinders it 
from being ſelf-exiſtent and independent. Tis therefore, methinks, a ſad 
thing; that we men ſhould grudge to ſpend now and then a few hours in 
the contemplation and internal worſhip of that moſt glorious and perfect 
Being, who continually employs the devotion of angels themſelves. oo 
I know tis ſuppoſed a us thing, to be inquiſitive about the na- 
ture of God. But the ſecret things of God, which are to be left to him- 


7 > The knowledge of ſome dead language, or ſome old ruſty 
perha 


| {elf, ſeem to be his unrevealed purpoſes and decrees, and his moſt abſtruſe 


eflence or ſubſtance ; the ſcrutiny whereof, I readily acknowledge not to 
belong tous. And I think there is a great difference between contemplating 


Od our of a bold curiofity, merely to know ſomewhat that is not common 
of him; and doing it out of an humble deſire, by a farther knowledge, to 


heighten our reverence and devotion towards him. Tis an effect of arro- 
ey to endeavour, or ſo much as hope, to comprehend the divine per- 


 fetions, ſo as to leave nothing in them unknown; but to aſpire to know 


them farther, that they may proportionably more admirable and 
lovely in our eyes, is not a” 9 9 curioſity. The 
(cri in one place, exhorts us to grow not only © in grace,” but © in 
the . of Chriſt; and in another, to add to our virtue know- 
edge.” And that we may aſpire to great degrees of knowledge, even as 
to ſupernatural objects we cannot adequately know, appears from 
Sc. Paul, who prays that his Ephefians, and all true chriſtians, may be able 
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to comprehen 
and to know the love of Chriſt, which, ſays he, paſſeth knowledge. 
poſing it then lawful to contemplate God, not with deſign to pry into his 
decrees and purpoſes, nor to dogmatize in controverted points about his na- 
ture and attributes; but to excite in ourſelves the ſentiments which his in- 
diſputable perfections are, by a more attentive view, qualified to produce; 
I rake the devout contemplation of God, beſides other great advanta 
that it =P the mind, to be one of the moſt delightful exerciſes the ſoul 
is capable of, on this ſide heaven. *Tis generally acknowledg'd, that ad- 
miration is one of the moſt pleaſing affections of the mind; which ſome- 
times, when the object deſerves it, is ſo poſſeſs d thereby, as to forget all 
other things, or leave them unregarded. Now, the pleaſure that admira- 
tion gives, being uſually proportionate to the uncommon nature and en- 
dearing circumſtances of the thing admired ; how can any admiration afford 
ſuch a contentment, as that which has God himſelf for its object? The 
wonder produced in us by an humble and attentive contemplation of God, 
has two principal advantages, above the admiration we have for any of 
his works, or of our own. For, firſt, when we admire corporeal things, 
how noble and precious ſoever, the contentment that accompanies our won- 
der, is allay'd by a kind of ſecret reproach, grounded on that very wonder ; 
ſince it argues a great imperfection in our underſtandings, to be un- 
acquainted with things that are but creatures, as well as we; and, what 
is worſe, of a nature much inferior to ours: whilſt tis no diſparagement, 
for a human intellect to be poſſeſs d with wonder, tho heighten d to amaze- 
ment, or aſtoniſhment, by the contemplation of that m orious and in- 
finitely perfect Being, who muſt neceſſarily exceed the adequate compre- 
henſion of any created intellect. But there is a farther and much greater 


advantage of the admiration of God, above that of other things; for other 


objects having a bounded nature, and commonly but one thing to deſerve 
our wonder, our admiration of them is ſeldom laſting; and after a little fa- 
miliarity, firſt languiſnes, and then ceaſes: but God is an object ſo very 
ſingular, whoſe perfections are ſo immenſe, that no diligence of conſidering 
him, can make him ceaſe to be admirable ; and the more 'we know of him, 
the more reaſon we find to admire him. So that there may here be a - 
tual viciſſitude of our happy acquirements of farther degrees of knowledge, 
and our eager deſires of new ones, God is ſo fertile an object, that we need 
not fear our admiration of him ſhould expire, for want of variety to keep 
it up. To the wonderful excellence of God, may be juſtly applied what 
Ariſtotle lays down as a definition of Infinite ; viz. tis that, of which how 


much ſeever one takes, there ſtill remains more to be taken.“ If the intel- - 


lect ſhould for ever make a farther progreſs in the knowledge of the won- 
ders of the divine nature, attributes, and diſpenſations; yet it may ſtill 
make diſcoveries of freſh things worthy to be admired : as in an infinite 
ſeries, or row of aſcending numbers, tho you may ſtill advance higher and 
higher; yet all that you can do by that progreſs, is to go farther and far- 


ther from the firſt term of the progreſſion, without ever reaching, or ſo 
much as approaching to an infinite number. Nu- 


* 
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* 
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d what is “the breadth, and length, and depth, and height, Pursics. 
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. Numerous other ents: might be ht, to ſne the immenſe. in- 
E nnn. 


ner fi then, that it becorhes us to uſe an awful circumſpection; nat on! 

wherein edi (hen we make philoſophical inquiries about God, that is, when we — 

© , cediſcourle of him ; but when we ſolemnly deſign to praiſe him; for, tis 

Ode thing to {ay true things, and another to ſay. things worthy; of God. 

Nur ideas of him, may be the beſt we are able to frame, and yet may 

far better expreſs the greatneſs of our yeneration for him, than the im- 

.menſity of his perfection; and, even thoſe notions that may be worthy 

'of the moſt intelligent of men, will fall extremely ſhort of being worthy 

- of the prroaprebentile God. The brighteſt and leaſt unlike idea we can 

frame of God, is infinitely more inferior, with regard to him, than a 

_ parhelion is with regard to the ſun, He has not, in my opinion, the tru- 

eſt veneration for God. who can ſet out his excellencies, and preroga- 

tixes, in the moſt high and pompous expreſſions ; but he who, willingly, has 

A deep and real ſenſe of the unmeaſurable inferiority of himſelf, and his 

beit ideas, to the unbounded and unparalle!'d perfections of his maker. 

And, as even our hymns and praiſes of the ſupreme Being, deſerve our 

bluſhes, and need lis pardon; What confuſion will, one day, cover the fa- 

ces of thoſe, who not only ſpeak {lightly and careleſly, but often, con- 
 temptuouſly, of that ſupreme, and infirutely perfect Being, to whom the 

owe thoſe very faculties which they ſo ungrarefully, and impiouſiy miſ- 

E Indeed, ſuch tranſcendent excellencies, as are the divin might 

4 diſcourage us from offering ſo much as to celebrate them, if infinite 

"gooanels were not one of them. I ſhall not, therefore, allow myſelf the 

preſumption of pretending to make a panegyric of God; but, content 

my felt with an humble adoration of thoſe perfections, whereof my ut- 

moſt "praiſes would rather expreſs my own weakneſs, than their excel- 

lence; fince, of this jneffable object the higheſt things that can be ex- 

Preſſed in words, muſt fall ort; for words cannot expreſs Hm 
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THE 


TATICS is that part of univerſal mechanics, which con- 
fiders the gravity of bodies, in all ſorts of mediums ; tho 

"tis, ſometimes, taken for the ſame as particular mecba- 
nici, or the doctrine of motion in bodies, which depends upon 


their gravity. But, hydroftatics, in general, regards the weight 


PREFACE. 


of bodies in all manner of fluids; and, therefore, differs but 


little from ſtatics, unleſs when bodies are weighed in vacuo ; 
or, where there is no ſenſible reſiſtance. There is, alſo, a more 
limited fignification of the word, bydroftatics; which reftrains 
it, as its derivation implies, to the weighing of bodies in wa- 
ter; and tis hydroftatics in this ſenſe, wherewith we are bere 


princi concern'd : a dottrine which, before Mr. Boyle un- 


dertook to improve it, conſified chiefly in theory and ſpeculation ; 
having only been treated by mere mathematicians : but, that 
noble philoſopher. ſoon reduced it to prattice, and applied it 
0 uf ul purpoſes. Some of its propoſitions, formerly demonſtra- 
ted in a mathematical manner, be proved by the dirett, ob 
©ious way of experiment ; that is, by the proper way, or hy- 
droftatically. He, alſo, made many new diſcoveries in this 
part of knowledee, which are Mighy uſeful in life, and teach us 
to examine the goodneſs of drugs, of metals, minerals, and other 
bodies, both ſolid and fluid. 
The firſt of the following pieces appears under the title of 
paradoxes ; and, truly, the propoſitions it contains, were para- 
axes," (even to ſome mathematicians, at the time wherein they 
were fubliſhed. Nor is this ſtrange, fince, as the learned 
Wolfius obſerves, many perſons taking gravity for a permanent 
power in matter, which muſt remain unalter d, ſo long as it 


continues its flate ; and ſuppoſing fluids, whilft cunſiu d, ang 


— 


P (ga) c k. 


at reft, wholly unable to alt upon bodies; no Ir appears to 
them, ww 2 ey ſhould, as it Were, take aw art of the 
the bodies immerſed in them, and — leſs, why 
45 Tot, "ſometimes, throw them upward s with a great 
ce. This was remarkably the caſe with that great ſcholar, 
=> More; tho, to ſolve ſuch an appearance, would fain have 
introduced a new, and an immaterial principle into phyſics. 
7 this gave birth tu another of the enſuing pieces; which, 
| oe oh or o relates to fome ” _ appear under 
of pneumaties, "wwe # t fit to rang. I. ＋ under- 
— ow ftatics ; becauſe, in ftrittnaſs, 76 2 * — 
tical ;. taking that term in its larger ſenſe.; becauſe. 
would not break in upon the order of the pneumatical os a 
and, laftly, becau fe bydroftatics ought, akways, to precede pneu- 
matics ; ſince the n OT be ARNIE W 4 22 
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en Paradoxes, 
Proved. and Illuſtrated by 


EXPERIMENT TS. 


POSTULATA, & LEMMATA.. 


Uppole a tabe, .at both ends, held, n. * 
pendicularly, n ; the 341 81 orifice may be one d to 
terminate in a parallel to rizon, or the u urface 
of che fluid P pper 

2 aſſignable 

r 1 —4 n ebe, ve 4 

or uĩ uppoſed eous, as to its „ an 
to ſtand, ate ne hight, wp Toca 6 the Hrs of of the imaginary 1 no- 
Ar more preſſed than another, in the fame | 


3. If an of this ima be preſſed with a greater weight, . 
ee the e eee 


Thus, whilſt an heavy body finks in Water, that part of the imagi- 


nary plain, contiguous to the lower of the body, being preſſed by a 
greater weig ht than the other 4 the ſame 1 * needs 
give way, 8 till the heavy body arrives at the bottom. 

4. On the other hand, if any part of the imaginary ſurface be leſs. 

n remainder if will, by by the weight n cho deen 

er, be. impelld upw t ure there be equal to that u 
os other — 11 of ho ſame ſurface. a 

W . the following experiment will prove it. If a cy 

Abteil gan e both ends, be ſteadily held in a perpendicu-- 
lar pour with one of them immerſed, two or thee inches below. the ſur- - 
face of à proper quantity of water, in a glaſs veſſel; the ſurface of the: 
water within-fide the tube, will be nearly level with the ſurface that is. 
without-ſide the ſame ; becauſe the warer, in both caſes, has a free cm 
munication. . 


H 


ket portions of this ſurface, will be equally preſſed: 


nt 
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| If, now, à convenient quantity of oil, be gently pour d upon the watet 
— — chat is external to the = that within . G 


%. 


«cauſe the imaginary p 


 Ehdroftatical Paradoxes. 


N. . 2 which we ſhall call 
internal, will gra iſe, and continue to do ſo proportionably ; be- 
0 lain, cutting the immerſed — of the hy is 
-every where preſſed by an additional weight, except in the orifice it- 
ſelf : which preſſure muſt neceſſarily be increas d, as more oil is pour'd 
upon the external water; whilſt a circle of our imaginary plain, equal to 
the lower annulus of the tube, is, by the ſides thereof, guarded from the 
immediate weight of the oil; whence the external water, being more 
preſſed than the internal, is, conſequently, forced up thro' the tube, where 
there is the leaſt reſiſtance, till the cylinder of water within the tube, 
-gravitates upon the ſubjacent part of the imaginary plain, equally with 
Fe ſum of the water and oil, upon every other equal portion of the 
ſame ſurface. | | 

J. The air is a ponderous body. 

This has been by ſeveral experiments; ſome whereof, indeed, 


are excepted to; but the following is unexceptionable, and was often re- 


| ted. | . 0 4 
Pein obtain d a thin, and large glaſs bubble, with a ſlender. ſtem, 


and ually rarified the air it contain d, as much as I conveniently 
could, by the flame of the lamp, whereat the bubble was blown; the 
fem, whilſt the bubble remain'd exceeding hot, being nimbly put into the 
itted to cool leiſurely, and afterwards weigh'd it in a very exact ba- 
1 then carefully breaking off the ſealed end, and preſerving the frag- 
ments, we weigh'd the again, and found it conſiderably heavier 
than before; which could be owing to nothing but the natural air, that 
ruſhed into the bubble, upon breaking off its item, whilſt it contain d air 
e For, the noiſe'hereof, in entring, may be plainly heard 
y an attentive ear; and, as the rarifaction is here great, ſo the bub- 
bles will ſometimes break, by the bare force of the external air; and, laſt- 
„I the ſealed end of the glaſs be broke off, under water, that fluid will, 
y the preſſure of the atmoſphere, be forced into the bubble, like an 
artificial fountain, till it be about three quarters full: whence the weight 
of the air appears to be very conſiderable ; ſince the fourth part of what 
the bubble would contain, remains therein not taken notice of by the ba- 
lance. In one tion of this experiment, I found the air freſh ad- 
mitted into the bubble, weighed near 4 af a grain, and its full content of 
water 906 grains; whence, if the re- admitted air only filled 4 of the 
bubble, the Whole air it contain d, may be reaſonably ſuppoſed at a grain. 
And thus the water weigh'd about goo times as much as the air of the 
bubble; Which, all things conſider d, comes near enough to ſome other 
trials, whereby we determin d the ſpecific gravity of air, to be to that of 
Water, AS & to 1000. 3 | | { " 


flame, thereby became hermetically ſealed, in an inſtant. This glaſs we 
ce 
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Hhydroſtatical Paradoxes. 
PARADOX I. 
Tr all fluids, the upper parts gravitate on the lower. 
Suppoſe one end of a ſmall, cylindrical, aſs tube, plunged in- 
to oil of turpentine, and that ho to be ed, by 88 —_ 


venient height therein; when the lips being removed, and the upper ori- 
fice of the tube nimbly ſtopp'd with the finger, to prevent the fluid from 


—_ back, imagine it thus you perpendicularly in the glaſs AB CDE. . 
almo 


fill'd with water, ſo that the ſurface of the oil may ſtand ſome- 
what higher than that of the water. This done, and the finger removed 


from the upper orifice of the tube, the oil will not fall out at the lower, . 
but remain ſuſpended near its former altitude. But oil of turpentine,.. 


being an heavy fluid, has a tendency downwards ; and as the lower ori- 
fice of the tube is open, it muſt neceſſarily fall out thereat, did not the- 


preſſure of the water underneath ſuftain it. No contrariety in the na- 
ture of theſe. two liquors, can be ſuppoſed the cauſe of this phenome= - 


non; for, if the finger be removed, before the pipe is ſufficiently immer- 


ſed, the oil will ſubſide till it becomes a balance to the water; but the 


reaſon of it is manifeſtly this. Suppoſe the plain wherein the extremity 


of the pipe PQ, reſts, to be GH; if that part thereof whereon the oil. 


reſts at C, be equally preſſed by the incumbent cylinder of oil QX, with 
25 12 A — — 
Q, can neither be depreſſed by the cylinder of oil Q, 


y the deſcending oil. 2. Becauſe the oil will continue ſubſiding 


only till irs ſurface becomes almoſt level with that of the water; when the 
pore Q, 0 preſſed by the oil, equally with the other parts of the plain 


are balanced, the pipe be poorly raiſed from Q to 8, the oil will prepon- - 


3 as the pipe ane agg elevated towards the ſurface L M, more and 
more of the oil will drop out: but if the tube be ſtop d any where in its 


the 


urface G H, by the water incumbent upon 


an equal preſſure of water upon the other parts of the plain 
t this equilibrium, betwixt the oil and water, is juſtly af- 
d for the cauſe of the phenomenon, appears farther, r. From what is 
obſerved, viz. that if the cylinder of oil reach much higher than the 
4 the water, the oil will a the _ where is, that the 
| being more charged at than in any other part, it is there 
unable to make reſiſtance; whence it n be * of its 


chr 
of the ſame plain I K, are preſs d by the incumbent — . 
if the lower orifice be raiſed almoſt to V, or near the upper ſurface: of the- - 
WALLET: . 


— 
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Farc Water LM, ſcarce any oil, for the ſame reaſon, will remain in the ipe 
V. 4 But i, when the end of the tube reſts in the plain G H, where 
the oil is a balance for the water, it be let down to O, the external water 
will cauſe the oil to aſcend in the tube, the height of EG; ſo that the 
Pye will contain, beſides a cylinder of oil « W, a ſhorter one of water 
20; for, now a new plain E F, cuts the lower orifice of the tube, whilſt 
that part of it at O, being, by the incumbent oil, prefſed leſs than the 
-others, by the incumbent water, the oil will be buoy'd up, till the water 
O, and the cylinder of oil W, taken together, gravitate as much upon 
©, as the reſt of the incumbent water does upon the other equal parts of 
the ſame plain EF. Since, then, the oil, in this caſe, may be kept ſuſ- 
pended at any point, under water, as at Q, being there in an equilibrium 
with the external * ſince, when elevated, as from Qto 8, it falls by 
its own ity; and, ſince the deeper it is plunged, the ter wei 
and preſſure 28 required in the cylinder of oil, to balance e e 
the water; it follows, that the parts of the water incumbent on the plain 
H, preſs that ſurface more than the plain I K, is preſſed by the parts of 
the water contiguous to it; and conſequently, that all the parts of 
the water which lie under the upper ſurface, are by thoſe which 
ſtand directly over them; as the upper parts of the oil preſs d down the 
lower, whilft the pipe was drawn up from Q to S; ſo that the oil flow'd 
out at the orifice S : for ſince the lower parts of a liquor preſs proportio- 
nably to the height of the fluid, they muſt neceſſarily derive their force 
From the incumbent parts, which, conſequently, gravitate upon them. 
A glaſs bubble, about the bigneſs of a pullet's egg, was purpoſely blown 
at the flame of a lamp, with a long ſtem turn'dup at the end, that it might 
be the more conveniently broken off. This bubble being well heated, to 
rarify the air, and thereby drive out a large part of it, was preſently ſeal- 
ed at the end; and, by the help of the figure of the ftem, was, by a conve- 
nient piece of lead, ſunk under water, the weight and glaſs being tied by 
à ftring to one ſcale of a good balance, in the other whereof was placed a 
-counterpoiſe to the bubble, as it hung freely in the midſt of the water. 
Then, with a pair of forceps, I carefully broke off the ſealed end of the 
bubble, under water, ſo that no air appear id to emerge, or eſcape thro the 
water; but the liquor, by the weight of the atmoſphere, ſprung into the 
empty part of the bubble, and about half fill'd the whole cavity; where- 
upon the bubble immediately ſubſided, and made the ſcale, whereto 'rwas 
faſten'd, require 4 drams, and 38 grains, to bring it horizontal. Then 
taking out the bubble, with the water it contain'd, we, by means of the 
flame of a candle, warily applied, drove out the water, which, otherwiſe, 
is not eaſily excluded at a very narrow ſtem, into a glaſs counterpois'd 
before- hand, and found it to weigh about 4 drams, and 30 grains, be- 
ſides a little that remain d in the bubble, and a ſmall matter that might 


have been rarify'd into vapour; which, added to the piece of glaſs, broken 
off under water, and loft there, might very well amount to 7 or 8 grains. 
By which it appears, not only, that water has ſome weight, or gravitates in 


water, 
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e 


water, bur that it weighs: near, or altogether as much in water „as Sra | 
in the air. We 8 riment with another ſealed bubble as A 


large as a great hen-egg, and with the like ſucceſs. 


"OD COROLLARY. 
From hence it appears, why the ſurface X, of the oil in the pipe P 
riſes a little above the level LM, of the external water. 'The of PQ 


of the pipe may, indeed, contribute hereto ; but there would, . otherwiſe, 


be an inequality. For, ſince oil of turpentine is ſpecifically, that is, bulk 
for bulk, lighter than water; and ſince an equilibrium between them is here 
| conſtantly obſerv'd ; the height of the oil incumbent upon Q, muſt, of ne- 
| 205 be greater than that of the water incumbent on the other parts of 

the ſame plain G H, to make the preſſure on both ſides equal. And were 
the difference between the ſpecific gravities of theſe two liquors greater, 


the difference in the heights of their ſurfaces X and L M, would be greater 


alſo; as may be try d, by ſubſtituting oil of tartar per deliquium, à heav 
ſaline liquor, for water. per gs 2 view 1 8 * 
SC H OLIA. | 


"7+ What:wo bann bens fit er- Mall ihereafren dps aß the-propertien of 
water, is applicable to all ponderous fluids, unleſs where cauſe of excep- 


tion appears — — caſes. | | We 
2. Twas before hinted, that in very ſmall pipes, many fluids (I 
except quick- ſilver) will appear with their ſurfaces higher than that of the 
liquor wherein they are immerſed ; and that, as far as I have obſerv'd, in 
proportion to the ſmallneſs of the bore : but this being of ſmall conſequence 
in our preſent experiments, we ſhall take no farther notice thereof. | 
3. Notwithſtanding this inconvenience of ſmall tubes, we chuſe to make 
uſe thereof; becauſe thoſe of a wider bore are apt, upon any ſmall inequa- 


lities of preſſure, to ſuffer the oil and water to paſs by each other in their 


cavity, and ſo diſturb the experiment. | 2 | 
4. Common dil and water, or any two liquors that will not mix, may 
ſewve in moſt of our experiments. I made choice of oil of turpentine, be- 
cauſe tis light, thin, clear, colourleſs, eaſily obtainable, not apt to ſpot 
q—_ or greatly to adhere to porous bodies; and its offenſive ſcent is 
— s/w age | mT 2% gi 
Oil of turpentine wi de copper, digeſting it upon 
wright filings of that meral, a green liquor is obtainable z which 
uſed inftead the coloartatonn, will render the diſtinction of the fluids 
2 Locus pd, cds toad 
6. For the lame e, uently a 8 
wood, or the — 42 — ink; which — — 
otherwiſe their colour in a ſlender pipe will be ſcarce diſcernible. 
7. As to the ſhape of the glaſs-veſlel, we need not be ſolicitous, tho that 
of a wide-mouth'd jar be ſome uſes the moſt convenient. The 


hereof, and the length of the tubes muſt be determin d by the experiments 


to be made. 


Vor. IL 5 8 8. It 
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© Srarics. 8. It ought to be no diſcouragement, if the oil of turpentine ſuck d v 
do not remain in the glaſs, upon the firſt or ſecond attempt; tis beſt to 
d4raw up more than is neceflary, and afterwards to let in the air gradually 
| between the orifice of the tube and the finger ; which will ſuffer the liquor 
to deſcend to the height require. 77 
9. Where a conſiderable difference is required between the two fluids 
made uſe of, oil of tartar per deliquium, as we ſaid, tinged with cochineal, 
may ſupply the place of water, and highly rectified ſpirit of wine that of 
oil of turpentine: for theſe two liquors, tho they readily unite with water, 
Will not eaſily mix with each other. Or a very ſtrong filtred ſolution of 
. "ſea-falt, may be ſubſtituted for water, occaſionally. I have ſometimes 
added oil of turpentine to ſpirit of wine and oil of tartar, and thereby ob- 
rain'd three liquors of different gravities, which will not 2 mix; by 
plunging « pipe, with water in the botrom of it, below the ſurface of the 
of theſe hquors, and raiſing and depreſſing it in a proper manner, 
the experiment may be agreeably varied 1 * ſtill continue explicable by 
the principles we deliver. 0 7 n | 
10. This propoſition has been thought liable to the following objections. 
1. If the upper parts of water gravitate upon the lower, the latter muſt be 
more dens than the former. 2. Divers are ſenſible of no compreſſure un- 
der water. 3. Tender plants at the bottom of the fea. 4. An im- 
'  merſed heavy body is ſupported and drawn out with greater eaſe, than if 
no water were incumbent thereon; for it weighs leſs in water, than out 
of it. 3. A bucket of water is lighter -when immerſed than before; and 
weighs leſs in water, than, when empty, out of it; therefore, the water in 
the bucket does not gravitate, either on the bucket, or the water below it: 
whence the ſchools have determin'd, that fluids never gravitate in their 
| r places. 6. Horſe-hairs preſerve any place d them in water; 
2 — by the incumbent weight thereof. 7. Were the propoſition 
n would be in perpetual motion, and con- 
v4 Ton wer ne objections in their order. 1. If the component 
ts of water be perfectly hard and ſolid, the upper may preſs upon we 
ering hens; as would be the caſe in a heap of diamond 
duſt. And,'poſkbly, the parts of water will not ſenſibly yield to ſo ſmall 
a weight as that of the incumbent fluid, at leaſt in thoſe heights wherear 
experiments are uſually made; for, in fact, water is not compreſſible by an 
inary force: nor would any abſurdity follow from our ine, were 
the lower parts of the ſea condenſed by the upper. 2. That divers are 
inſenſible of any compreſſure under water, proceeds from the ſurprizingly 
fixong reſiſtance of an animal body to an uniform force, at once applied to 
all che external parts thereof; but that, if a p ionable part of this 
* rt eee re and not 1 re eee 
. be greatly pain'd thereby, appears ſenſibly from covering the 
mouth of an open Aten — the palm of the hand, whilſt a 
ed like @ receiver, to be-exhauſted by the air-pump ; for as ſoon as 


* 
1 | | 9 
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ſneluded air is 
eſsd from without, againſt the edge of the veſſel ; as if ſome weight were 
laid upon the back of your hand, and forced it into the hollow of the cy- 


linder. But that ſo vaſt a weight of water, as muſt compreſs a human 


body at the depth of near 100 feet below the ſurface of the ſea, (where, 
a diver told me, he had remain'd without pain) will not ſenſibly affect it, 
may appear from the following experiment. To a ſmall, cylindrical, glaſs 


ſyphon, ſealed at one end, we exactly fitted a rammer, by means of ſoft Fe. x 


leather, ſo that neither air nor water could paſs between it and the ſides 
of the glaſs; then pouring in a proper quantity of water, and leaving ſome 
inches height of air above it, we let'a young tadpole, the body of which 
animal is exceeding ſoft and tender, ſwim about in the glaſs ; when a man 
Forcing the rammer down the tube with his utmoſt ſtrength, the bulk of the 
tender creature ſeem d ſomewhat diminiſt'd by the preſſure; however, it 
continued to move freely about in the water, and often aſcended to the 
top thereof; tho the inftrument ftood dicular to the horizon: nor 
could we perceive that the animal ſuffer'd the leaſt injury hereby. This ex- 
-periment we frequently repeated, with tadpoles of different ages; whence 
it may fairly be conc! that the texture of animals is ſo ſtrong, that 
thoꝰ water actually preſs on water, the body of a diver, at a great depth 
therein, ought not to be ſenſible of its weight: for the air being here com- 
preſs d into an eighth part of its natural dimenſions; the tadpole ſuſtain d a 
preſſure of water equal to that of a cylinder of the ſame near 300 feet high. 
3. That plants ſhoot up under water, is owing to the ſubjacent preſſure of 
the ſame; the force whereof, we ſee, is able, when they are detatch'd from 
their roots, to throw them up to the ſurface, notwithſtanding the direct 
weight of the incumbent fluid. 4. Tho' the water incumbent on a heavy 
body actually tends to depreſs it, yet that tendency may not cauſe it 


to ſink deeper; by reaſon of an equal or greater preſſure upon all the 


other parts of the ſame plain, wherein its bottom reſts ; in which caſe, 
the hand that ſuſtains it will not feel the weight of the incumbent fluid 

but be able to raiſe the body more eaſily here, than in the air: yet if 
the incumbent water be removed, as.in the proof of our eleventh para- 
dox, a great preſſure will appear to have been there ſuſtain'd by the body. 
5. To paſs over that ſenſeleſs expreſſion of fluids not gravitating in their 
— W I thus ſolve the of the immerſed bucket. Sup 
poſe 


CD the well, EF rope whereby the bucket is ſuſpended Fig. + 


under water, with its bottom reſting on the plain IK; if the bucket 
wholly conſiſt of wood ſpecifically lighter than water, it muſt be fo far 


from weighing upon the hand at E, that its upper parts muſt needs riſe 


above the top of the water: but if this veſſel be a compoſition of wood and 
iron, it may be ſpecifically heavier than water; in which caſe, the hand 
that draws it out, will feel only that weight, whereby it exceeds an equal 
bulk of the fluid; the water in the cavity G, and fo much as reſts.thegean 


being balanced by the Seele of the other water above the plain 1 K: 
bucket is preſſed as forcibly upwards, as the 


whence the bottom of 
Pp 2 weight 


withdrawn from under your hand, it will be vehemently Stari 
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of the incumbent; water, in the bucket and above it, tenfs to de- 
; ſo that the hand has no more to lift, than the exceſs of weight of 
the wood and iron of the bucket, above that of an equal bulk of water. 
And farther to ſhew-the abſurdity of that ſcholaſtic doctrine, of water's 
not weighing in its own element, drawn from this experiment of the buc- 

| ket, I perform'd the ſame thing, in water, with a ſmall box fill'd with 
butter, and ſome pieces of lead, to add to its weight; and I hope, it will not 
be pretended, that the butter.and lead did not gravitate here, becauſe they 
were in their own element. 6. That horſe-hairs, ſuppoſing them of the 
ſpecific gravity with water, ſtand ſuſpended at any depth in that 


292 | 
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fluid, is eaſily accounted fo 


r upon our principles. Suppoſe the body R, 
vity with water, * — onal that part of 
s, either more or leſs than an equal bulk of wa- 
uently, tho the whole column that ſtands above it, di- 
rectly preſſes thereon, that does not ſink it; being balanced by the weight 
the other water above the plain IK; whence the body will neither be 
depreſs d nor rais d. And as this muſt be the caſe at what depth ſoever 
the body be immers d, it muſt neceſſarily hop in the place d it. And 
I once procured glaſs- bubbles ſo nicely * „ as to exhibit this phenome- 


to be of the ſame 
the plain 8, wherein it 


non with a ſurprizing 
— water to be of any conſiderable bulk, tis 


laſt objection * the 
eady an- 


parts 
ſwer d, when we ſhew'd that the body R, would retain its place afſign d, 
where in the water. And unleſs we knew the particular magni- 


and figure of the co 
to diſpute this point. 


particles of water, tis to no pur- 


am, however, ſo far from thinking it ab- 
that the lower parts of water ſhould be in conſtant motion, that 


I take this to be the very pr 
- not. viſible, is eaſily diſcov 


that conſtitutes a fluid ; which, tho' 


by its effects. Thus, when ſalt is thrown 
near the bottom ſoon raiſe ſaline corpuſcles to the 
terwards ſhew themſelves in ſmall, floating, cubical 


into water, the parts 
top, Where they afi 


This matter cannot be ſet. clearer 
_ than in the words of Sir [aac Newton; 

who "obſerves, that 
- fluids, have two kinds of gravity ; the one 

true and abſolute, the other apparent, vul- 
r and relative. Abſolute gravity (ſays 
he) is the whole force wherewi 
body tends downwards 
© 6 and vulgar is that exceſs of 
; a body tends downwards, more 
_ <, than the fluid which ſurrounds it. 
the former kind, the par 
of all bodies, gravitate in their proper 
their joint weights, 
compoſe the weight of the whole. For 
every whole has weight, as is evident 


bodies immerſed in 


; but the relative 


places; and, by 


| i | 1 
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PAR A- 
« in. veſſels Bird with liquids; and the 


« weight of the whole being equal to the 
« weights of all the parts, muſt of neceſ- 
& fity be compoſed of them. But bodies, 
by the latter kind of gravity, do not 
<« pravitate in their own places; that is, 
. do not, when compared with one ano- 
«ther, ravitate; but mutually hin- 
6 deri other's endeavour to de- 
« ſcend, they remain in their places, as 
« if they had no weight. Bodies inthe air 
« which do not pregravitate, are thought 
by the vulgar not to be heavy; but thoſe 
« which p vitare, they judge to be 
heavy, ſo far as the air does not ſupport 
« them ; ſo that the weight W 
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PARADOX IL 
A lighter fluid will gravitate upon @ heavier, 


If you ſuck up fair water in a lender glaſs pipe, to the height of three 

or four inches, nimbly ſtop the upper orifice with your finger, plunge the 
lower into a glaſs of ail of turpentine, till the ſurface of the oil in the veſſel 
riſe ſomewhat higher than that of the water in the tube, and then, laſtly, 
remove your finger ; the water will not fall out, but continue ſuſpended by 
the — of the oil; as appears evident from the foregoing propoſition, 
whereof this is only the converſe. And if either more oil be poured into 
the veſſel, or the tube be immerſed deeper therein, the water will be 
buoy'd up towards the top of the pipe; that is to ſay, a heavier fluid will 
be raiſed by a lighter. Since then, by the preceding propoſition, the liquor 
riſes in the pipe by the gravity of the external fluid, it follows, that a 
lighter liquor will gravitate upon a heavier. | 


| | COROLLARY. | 
As the ſurface of the oil in the tube, was always, in the former expe- 
riment, higher than that of the external water, ſo, here, the ſurface of 
the water in the pipe will conſtantly be lower than that of the oil; be- 
cauſe in the plain 

IH, will, upon account of its greater gravity, preſs as much upon 
part I, as the oil K I, III., which is | aa lighter than it, up- 
on the other parts of the ſame plain EF. 


SCH O LI. 


t. This ſecond oatadox may be farther confirm'd from the common phe-- 
nomena of glaſs. bubbles, the explication whereof is as fo.lows. The bub- 


F, the cylinder of water I G, contain'd in the pipe Fig. $8. 


ble X, c ing of. glaſs, which is ſpecifically heavier than air, which is Ng 


_ lighter than water, and of water it ſelf ; whilſt the whole compoſition is. 
20 than an equal bulk of water, it will float; but if it grows. heavier 
than ſo much water, it muſt, aceording to the laws of hydroftatics, fink. 
When, therefore, there happens any conſiderable preſſure upon the water 

vherein the bubble is generally immerſed; ſince glass is a ſolid body, and 


the vulgar, is only the exceſs of their “ parative and apparent levity, is the ek - 
4 real weight above that of the air. And, | © ceſs or defect, whereby their real gra- 
a therefore, they call thoſe things light, | “ vity either exceeds or falls ſhort of tho 
« which — lef heavy than the air, bs grviyy - 7 = whatever bo- 
* and yielding to its greater ity, “ dies neither by pregravitating, . 
A man, upwards. But theſe. 4 nor aſeend by yieldi * one that pre- 
only comparatively light, not 1 « gravitates; tho they till, by their real. 
« for they will deſcend in vacuo. us R none increaſe the weight, of the 
e 


% bodies, which by reaſon of their greater whole ; * wy comparatively, and id a 
« or leſs gravity, deſcend or aſcend in | * popular ſenſe, they do not weigh in 


« water, are but comparatively and ap- | 


water." Newton. Princip. p. 264. 
* parentij heavy or light; and their com- 12 


Water 


Seeed Pabardoxel. 
water incompreſſable, but the air included in the bubble, elaſtic, and eaſily 
compreſſed; this will ſhrink; ah Goes BY 5 ſpace than before, the 
« contiguous water will fucceed in its place; Which being a body that is a 
thouſand times ſpecifically. heavier than air, the bubble thereby becomes 
 ieavier chan an equal bulk 6f Water, and conſequently ſinks: but, upon 
"the remobal bf this preſſitre, the 'pent=itp air will, by its own ſpring, free 


lit Tar from the" intrucing water; whence the compoſition of the bubble 
Probing lighter than an equal bulk of water, it will, from the bottom, 
immediately Emerge to the 5 $i Zen | 
2. Into k long glafs ipe, fealed at one end, and open at the other, pour 
common Water, tilt about half a yard thereof remains unfilfd. In the 
next Place poiſe à glaſs bubble, with a Nender neck, ſo that a ſmall ad- 
Aition ef weight will fink it; and place it on the ſurface of the water in the 
tube; then continue pouring oil of turpentine gently thereon, till it riſes 
to a fufficient height ; when the bubble will deſcend to the bottom, and 
there continue as long as the oil remains at that height above the water. 
The reaſon whereof Is, that the oil, tho” lighter than water, gravitates 
«upon that fluid below it, and thereby forces a part thereof into the open 
"orifice in the neck of the bubble, which "thence becomes heavier:than an 
equal bulk of water, and conſequently deſcends to the bottom; and the 
"cauſe of this fubmerſion, the preſſure of the vil, continuing, it muſt neceſ- 
ſurily remain there. In confirmation hereof, it may be added, that if the 
cylinder of oil be diminiſh'd, or taken away, the bubble will again aſcend 
to the top of the water; becauſe the water being relieved from the preſ- 
ure of the oil, the air, by virtue of its own elaſticity, recovers its former 
dimenſions, and thereby renders the bubble as light as before. Lb 

3. The firſt paradox may, alſo, be confirmed by the following experi- 
ment. Having provided a tube and bubble, as juſt mention d, pour 
water into the tube, to the height of 6 inches, then caſt in the bubble, and 
keep it oonſtantiy plung d below the ſurface, whilſt more water is low! 
pour d into the tube, to a conſiderable height; when, the bubble, whi 
| attempted to emerge, will, by the additional weight of the incum- 
bent water, be depreſſed to the bottom of the tube, and there continue, 
<whilft the fame weight of water remains. 21 
4. Tho" the weight of the incumbent water alone, here cauſes the bub- 
ble to ſink, yer, if it were not kept immerſed, a ſtill greater weight of 
water would not depreſs it; becauſe, being left to itſelf, it'wonld 'rife 
with the fluid, and never 23 the ſame to come ſufficiently above it for 
that purpoſe. And that the weight of the incumbent water really ſinks 
the bubble, and keeps it at the bottom, appears from taking away a ſuf- 
ficient part thereof; for, when tfiat is done, the bubble will preſently, and 
of itſelf, begin to float up towards the ſurface, from whence it may ea- 
ſily be made to ſubſide, by pouring back the ſame water that was taken out. 
J. The reaſon why oil of tartar per deliquium, was not here made uſe 
of, inſtead of fair water, is, that in ſuch ſmall pipes, as thoſe employ'd 
about the firſt experiment, I found that liquor To ponderous, as n 
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down into the oil of turpentine, whilft the oil paſſed upwards by it, along the 8 
other ſide of the tube: hence I am ſurprized, that M. Paſchal ſhould ſay, 

that if a tube above 1 to long, with one orifice placed 14 feet under wa- 
ter, be full of guck rer, it Will not all run out thereat, tho the top be ex- 
poſed to the air, but ſtop at the height of one foot; becauſe the moment it ac- 
duires in falling, muſt, probably cauſe the whole to come dut. My own trials 
with quick-filver, and {mall tubes, with this more favourable circumſtance 
of oil of rurpentine; and oil of tartar, tempt me to ſuſpect, that M. Paſchal 
never madethe experiment, at leaſt, not in a tube ſo large as his ſcheme ſupps- 
ſes. Experiments, that are only true in ſpeculation, ſhould be propoſed + 
as ſuch, for they may often fail in practice. ' 


6. This ſecond paradox, I am ſenſible, contradicts the current opinion 


of the ſchools; and even of many modern mathematicians, and writers in 
hydroſtatics; but whether the cauſe of gravity be the truſion of any ſu- 
perior ſubſtance ; or the magnetic attractſon of the earth, Ec. there is, in 
every heavy body, a conſtant tendency towards the centre of the earth, 
that cannot be deſtroy d by the interpoſition of another heavier body, tho 
its nearer approach towards the centre, may be hindred thereby; the lat- 
ter, from its greater gra vity, obtaining the lower place. But then, che 
lighter body tending downwards, muſt needs preſs upon the heavier that 
lies in its way; and jointly therewith, preſs upon whatſoever body ſup- 
ports them both, with a weight made up of their united gravities. Some 
men of learning are 5 8 from acknowledging this truth, by finding that 
a lighter fluid, led by a heavier, es not deſcend, but emerge to 
the top; whence they conſider the former, not as a heavy body, but a 
light one. "Tis true, in reſpect of the heavier liquor, the leſs heavy may 
be called light; yer it ftill retains its own abſolute gravity, or tendency 
downwards, as ftrongly as before; tho by a contrary and more power- 
ful tendency of the contigs liquor upwards, ſuch its endeavour does 
not appear. Thus whilſt” a piece of light wood emerges from under 
water, it retains its gravity in its aſcent, being only _ up bythe wa- 
ter, whoſe fpecific gravity is the greater; ſo that the ſum of the water, 
and the aſcending , weighs more than the water alone would do ; 
and therefore, when this wood floats, with ſome part above the ſurface of 
the water, a lighter body actually gravitates upon a heavier. Thus, alſo, 
were a man weigh'd in a balance, with a ftone in his hand, which he lifts. 
above his head; tho” that may ſeem light, in reſpect of his body, yet it 
loſes nothing of its natural weight, neither during its aſcent, nor aſter- 
wards : for 'the hand that raiſes it up, will conftantly perceive its ten- 
4 downwards, and the ftone ; and the man together, will weigh no. 
leis M the ſcale, than if he did not ſupport it, but both were weigh d a- 
part, and their reſpective weights.afrerwards added together. And thus, 
ſtly, if a glaſs of water, with a large quantity of common falt, in 1. 8 
der, be balanced in the ſcale, whilſt the ſalt gradually diſſolves and be- 
comes one body with the water 5 yet the weight here will not be diminiſh'd 
as the ſalt comes to be 547 3 by the fluid ; but beth. together will F | 
vitare, as at firſt, on the that ſupports them. BD 
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Ya body be wholl or in part, immerſed below the ſurface of water, 8 
ant willl be preſſed upuards by the water contiguous to it, from beneath. . 


This appears from the firſt experiment, ;. for, where-ever the, loweſt 
part of the body be, in either caſe, ſuppoſed, all the parts of the plain, 
wherein it relts, are preſſed upwards. And if this force under the body -. 
be greater than that wherewith it tends downwards, "twill buoy it up; 
bur if the body be ſpecifically heavier than water, the tendency of the 
contiguous fluid from beneath upwards, proves only ineffectual to raiſe or 
ſupport. it, but is by no means deſtroy d; the heavy body being conſtantly 
reſiſted and 4 oy the water, as it would be in a pair of ſcale 
wars hung at one end, and an equal bulk of water at the other end o 
the beam. | 11 

The ſame truth is farther manifeſt from the third iment; for, 
I the tube, wherein the water is da, be plunged —— into the 
oil ; or, if more oil be poured into the veſſel; the water in the tube, will 
riſe the higher ; which could not happen, unleſs the oil, tho” ſpecifically 
lighter, preſſed againſt the lower fd of the water more forcibly than 
the water tends, by its gravity, downwards. And even, when the two 
fAuids balance each other, the oil continually preſſes upwards againſt the 
lower ſurface of the water; for herein conſiſts its conſtant; reſiſtance to 
the perpetual endeavour of the water to deſcend. And ſince the fame 
phenomenon. happens, whether the water be ſuſpended in oil, or vice 
verſa, the propoſition holds es true, let the body be ſpecificall 
heavier, or ler than the fl id wherein it is immerſed. _ 


_ 1. That water makes a reſiſtance to bodies which fink therein, is thus 
demonſtrated. Suppoſe the pipe E F, contains oil of cloyes, or any other 
oil, that is ſpecifically heavier than water; that the oil in the tube, and the 
external water are in equilibrium; and laſtly, the pipe to be ſlowly rai- 
ſed towards the Ip of the veſſel : tis evident, that drops of oil will, du- 
ring the tube's aſcent, fall from the bottom thereof to that of the glaſs ; 
but much more flowly than if they fell in the ame manner, thro air. 
... 3..To compnte the quantity of preſſure againſt the lower parts of a 
drop, ſuppoſe it to be G, s in HI; we muſt obſerve, that 
N there, its place would be ſupplied by ag 
bulk of water; which. being of the ſame ſpecific gravity with the "ſt 

_ the, fluid in the veſſel, the ſurface H I, would be every where equall 
preſſed; and, conſequently no thereof be diſplaced; But the d oF 
oil being heavier than an equal bulk of water, that part of the ſurfac 
- whereon it reſts, is more preſſed than any other equal part of the ſame ; 
and therefore, will give way to the deſcending. drop. And as this muff 
be the caſe in all the other ſurfaces as well as in HI, the drop will conti- 
225 | nue 
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nue 8 till it arrives at the bottom of the glaſs. And if the drop G, Sramtes. 
93 


were not ſpeciſfically heavier than water, but barely equal thereto, the con- 
tiguous part of the ſurface H I, would be no more preſſed than the other 
equal parts thereof, and, conſequently, it would be neither depreſſed nor 
raiſed ; but the drop G, continue in the ſame place : whence we conclude, 
with Archimedes, and others, that a body immerſed in a fluid, of the 
ſame ſpecific 12 with itſelf, will reſt at any aſſignable depth therein. 
Since, then, if the drop G, be of the ſame ſpecific gravity with water, 
it will neither fink, nor emerge; if it be heavier, 'cwill only fall by the 
weight whereby it exceeds an equal bulk of water; for this, alone, is the 
cauſe of its deſcent, the other being wholly reſiſted by the water; and 
conſequently, it loſes in the water the weight of an equal bulk of water, 
weighed in the air. | 

3. This grand theorem is thus eaſily confirm'd by experiment. Hang a 
piece of lead, tied to an horſe-hair, from one ſcale of an exact balance, 
counterpoiſe it, and ſuffer the lead to fink down, and hang freely, in a veſ- 
ſel of water; and you will find the former counterpoiſe much too heavy 
for the lead ; part of it, therefore, being taken away, till the balance be 
reduced to an equilibrium, tis eafily ſeen what proportion of weight is 
loſt in the water. If, then, another piece of lead be weigh'd in air, where 
it equals, ſuppoſe, 12 ounces, and afterwards be hung to the ſcale by an 
horſe-hair, as the former, and weigh'd in water, you may conclude that 
11 ounces, (ſuppoſing lead to be to water, as 12 to 1) put in the oppoſite 
| ſcale, will now reduce the beam, how uneven ſoever it might hang in the 
air, to an horizontal poſition. 34 | 


COROLLARIES. 


1. From this preſſure of water, againſt the lower ſurface of bodies im- 
merſed therein, may be deduced the cauſe why light ſubſtances emerge 
to the top thereof ; which has, hitherto, remain'd an inexplicable pheno- 
menon. Suppoſing, then, a pipe almoſt filled with oil of turpentine ; if, as 
in our firſt experiment, the lower orifice be plunged under water, tho' not 
near ſo deep as the oil is high, and the upper end be gradually unſtoppd, 
the oil will Fall in drops, from the bottom . tube, and preſently emerge 
to the ſurface of the water; notwithſtanding they are preſſed as well down- 
wards, as upwards: the reaſon whereof is, that the upward tendency of 
the water, contiguous to the lower ſurface of the oil, is ſtronger than the 
tendency of the oil, and the incumbent water downwards. Thus, when 


the drop G, touches the two parallel plains H I, K L, tis evident, that Fig. 7. 


the lower part of the drop G, is more preſſed by the water, than the upper 
part M, becauſe upon the whole ſurface K L, there is only an uniform 
reſſure of the water, AK BL, — all the of the ſurface 
I, there lies a greater quantity Water, AHBI, upon 
the part N, where the oil G, being lighter than an equal bulk of water, 


and expoſed to a greater preſſure from beneath, than its own gravity, with 
that AE water, can reſiſt; it muſt neceſſarily give way, and 
Vol. II. 0 Q q | be 
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be impelled upwards. And, as the ſame reaſoning holds, for all the 
3 in its aſcent, it muſt, conſequently, be driven, gradually, th the fur- 
e, and there float. Or, in other words z when any body, ſpecifically 
lighter than water, is immerſed in that fluid, it ſuſtains the preffure of 
two columns of water, one againſt its upper, and the other againſt its 
lower part: and, as the height of theſe columns muſt be computed from 
the top of the water; the lower part of the immerſed body is preſſed upon 
by a column longer than that which preſſes upon the upper, by the thick - 
neſs of the body, which, therefore, will be preſſed more upwards than 
downwards. And the greater difference there 1s in the fpecific gra vities of 
the water, and the body made uſe of, the ſwifter, cæteris paribus, will be 
the aſcent; becauſe of the greater preffare upon all the other parts of 
our imaginaty plain, than upon that which is contiguous to the bottom of 
the aſcending body.” 
2. Hence, alſo, we 2 ſolve that hydroſtatical problem; why if too 
cylindrical pieces of wood, one of them twice the h of the other, be 


plunged to an equal depth under water, and thenee ſuffer d to emerge, at 
the 


me time, the longer gains the top before the ſhorter : for, ſuppoſe OP, 
to be one of theſe bodies, and two feet long, QR, the other, and one foot, 
and that they both reſt upon the ſame plain, parallel to the upper ſurface 
of the water, and three feet diſtant therefrom; there will be a lateral preſ- 
ſure of the incumbent water upon the lower ends of each of theſe bodies, 
as great as that upon the equal parts of the plain whereon they reſt; but 
upon the upper end of the ſhorter body 38 there will preſs a column of 
water two feet high, whilft the taller P O, ſuſtains only a pillar of one 
foot; ſo that both being ſpecifically lighter than water, they will be im- 


| —— upwards; but the column conſiſting of one foot of wood, and two 


is made up of two feet 


4. From this propoſition, it, like wiſe, follows, that all bodies — 


Fig. 8. 


vity, reſiſt this impulſe more than that which 


wood, and but one of water ; whence the rea- 


ſon of their unequal velocities is evident. | 
3. From hence, alſo, we may, probably, deduce the reaſon why, in di- 
filling aromatic oils, with water, the whitiſh liquor, which tly 


comes over, long continues turbid ; for this chiefly proceeds from the ex- 
ceeding minuteneſs of the drops, whereof it conſiſts, allowing the height of 
the water, preſſing upon the upper part thereof, to be almoſt as as , 
that which prefles againſt the lower, ſo that the drops are raiſed — very 
flowly, tho they will, at length, emerge ; eſpecially when, by their frequent 
ccurſions, they have form'd drops of a larger ſize. 


upon a fluid, fink till the irimmerſed part be exactly equal, in bulk, to fu 

a quantity of the fluid, as equals the whole weight of each body. For 
rbanie, x V, be a cubic yard of wood, 6 pounds in weight; ſince tis hea- 
vier than air, it will ſink in water, ſuppoſe to the plain X W, where it 
muſt neceſſarily reſt; for all the other equal parts of that plain X W, be- 
ing preſſed upon by columns of water, equal in height to X A, if the whole 
weight of the cube be greater than that of as much water as equals the 
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immerſed part thereof, it muſt ſink lower, becauſe the ſubjacent — at V, Srarics. 
if the 


would then be more charged than the reſt. On the contrary, 
were lighter than the water, whoſe place the immerſed poſſeſſes, it 
muſt by the greater preſſure of the water upon the parts of the 
plain XW, than upon that contiguous to the wood at V, be impell'd u 
wards, till the preſſure of the whole cube upon the part that ſuſtains it, 
equal to that of the water upon the reſt of the plain ; and, conſequently, 
be the ſame with the water, whoſe place the immerſed part poſſeſſes: the 
lightneſs of that part, in reſpe&-of ſo much water, being compenſated 
by the weight of what remains unimmerſed above the level of the water. 

hus, when a piece of wood is thrown into water, tho* the moment it ac- 

uires in falling, carries it thro' many imaginary plains below its proper 
nen z yet the ſuperior preſſure to which each of thoſe plains is expoſed 
in all other parts, but in that contiguons to the bottom of the wood, 
preſently impels it up again, till at length it reſts in the place we have aſ- 
lign d it. 

| SCHOLIUM. 

This ingenious and uſeful propoſition, relating to floating bodies, is 
mathematically demonſtrated by Archimedes and his commentators ; and may 
be farther manifeſted to the eye, by the following experiment. Havin 
poured a convenient quantity of water into a large deep glaſs, and pla 
another deeper, that was properly ſhaped for ſwimming, within it ; we 
furniſh'd the latter with balaſt, a deck, and other parts of a ſhip, till it 
ſunk down to ſome particular marks we had placed on the outſide. Then, 
obſerving how high the water reach'd in the larger veſſel, we carefully 
placed two or three marks in a level with the horizontal ſurface of the 
water ; and __ out the floating glaſs, we wiped the outſide dry, and 
weigh'd it, with all its rigging, in an exact pair of ſcales; and afterwards 
pour d an equal weight of water into the large „ which we found 
reach d up to the marks whereto our counterfeit ſhip had raiſed it. This 
experiment we ſeveral times repeated in veſſels of different ſizes, ſhapes, 
and lading. From whence it appears, that the floating veſſel, with all it 
contained and ſupported, was equal in weight to the water, whoſe bulk 
equall d the immerſed part of the veſſel, had it been cut off from the other, 
by a plain continu'd from the horizontal ſurface of the water. 'This theo- 
rem, with what we have brought to confirm, or illuſtrate it, may be ap- 
ply'd, mutatis mutandis, to a ſhip with all her rigging and lading ; for tis 
univerſal, that the weight of a floating body equals that of the water, whoſe 
ſpace the immerſed part es. hence the learned Se vinus ſome- 
where ſays, that a whole ſhip, with whatever belongs to it, preſſes no 
more upon the bottom it floats over, than a bulk of water equal to the 
immerſed part of its hull. 
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PARADOX iv. 


in pumps. 


The truth of this ſition may appear from the precedin ri- 
ments; however, we mall ve it a 4 and proof, 222 
Suck deeply tinged water into a ſlender glaſs- pipe, to the height of an 
inch; and nimbly ſtopping the upper orifice, immerſe the lower end into a 
glaſs half fill'd with the ſame tinged liquor, till the ſurface of that in the 
pipe be an inch below the top of the external fluid ; next, pour oil of tur- 
pentine thereon, till it ſwim three or four inches above the water; when 
eaſing your finger, gently, from the upper orifice of the pipe, to admit a 
communication between the internal and external air, the liquor in the 
tube will be impell'd up almoſt as high as the ſurface of the external oil. 
Now, it cannot here be pretended, that the aſcent of the liquor, in the 

ipe, is owing to nature's abhorrence of a Vacuum; fince, as the pipe is 
fall of air, and its orifice open, there's no danger of a Vacuum, tho the 
water did not riſe ; the air and water remaining contiguous as before. 
The true reaſon, then, of this aſcent, is, that, upon all the other parts of 
the imaginary plain cutting the immerſed end of the tube, there is a preſ- 
ſure of water and oil ſwimming thereon, equal to four or five inches height 
of water; whilſt, upon that part where the liquor contain'd in the pipe 
reſts, there is only the preſſure of one inch of water; whence the parts 
near the immerſed orifice, muſt be neceſſarily thruſt out of their places by 
thoſe of the water that are more preſſed, till ſo much liquor be — up 
into the pipe, as makes the preſſure on that part of the imaginary plain 
equal to that of every other ſuch part; when, the water will riſe no far- 
ther, but, by reaſon of the equilibrium, reſt a little below the ſurface of 
the oil; the ſpeciſic gravity of this being leſs than that of water. In like 
manner, it may happen in Pres ; for as the oil of turpentine, tho' lighter 
than water, by reſting upon the ſurface of the external fluid, forces up 
the liquor, within the pipe, far above the external water; ſo the air, tho 
lighter than oil of turpentine, reaching to the height of many miles, and 
reſting oo the water in a well, will preſs that water up the cylindrical 
cavity of a pump, much higher, if all impediments were removed, than 
the ſurrounding water. Now the obſtacle here is either the ſucker, or the 
preſſure of the external air ; the whole uſe of the ſucker is, therefore, to 
tree the water in the L any impediment to its aſcent; as, in our 
experiment, the ſides tube ſufficiently defend the water therein from 
any preſſure of the external oil that might obſtruct its riſing. Laftly, as 
the liquor in our. pipe was forced up, till the cylinder raiſed, became a ba- 
lance to the preſſure of the water and oil on the outſide; ſo in pumps, the 


Ae proffice of an external fluid, is, alone, ſufficient to raiſe the water 


water riſes but to a certain height, viz. thirty-three, or thirty- four feet 


3 


beyond which it cannot be impell d; becauſe at that ſtandard the preſſure 
the water in the pump upon that part of the imaginary plain wherein its 


lower 
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lower orifice lies, is the ſame with that the other equal parts thereof ſuſtain, STATICS, 


from ſo much of the external water and atmoſphere as reſts thereon. And 


this may ſuffice to ſhew, that nothing more than a competent weight of 
an external fluid, ſuch as the air, is requiſite to raiſe the water in pumps. 


SCHOLIUM. 


For a farther confirmation of this propoſition, and, at the ſame time, 
to ſhew that a ſmall quantity of quick- ſilver may be ſuſpended in an open 
tube; I ſhall here offer another experiment. Having ſuck'd into the lower 
end of an open glaſs-rube, the diameter of whoſe bore was above the fixth 
of an inch, near half an inch height of quick-ſilver, and nimbly ſtopped the 
upper end with my finger ; I plunged the mercury into a deep glaſs of oil 
of turpentine, being careful not to open the upper orifice, till the quick- 
ſilver was ſunk eighteen or twenty times its own height below the ſurface 
of the oil; after which, it remain'd ſuſpended, while the tube continued un- 
ſtopped : and as if I raiſed it rowards the upper ſurface of the oil, it would 
drop out; ſo if I depreſſed it deeper into that fluid, it would be impelled high- 
er up into the pipe: and, by this means, ſo ponderous a body as mercury, 
was made ſometimes to riſe, and ſometimes to fall, but ſtill to continue ſup- 
ported by a liquor ſpecifically lighter than common ſpirit of wine. This 
experiment, however, may eaſily miſcarry, unleſs great care be uſed ; and, 
after all, the oil will ſoon inſinuate itſelf — e ſides of the pipe, and 
ſo ſhort a cylinder of mercury; for which reaſon, I here prefer water to 


- 


oil of turpentine. 


COROLLARY. 

Since a cylinder of mercury, about thirty inches high, is equal in weight 
to one of water, about the height of thirty-three, pars ur feet; tis 
evident, that the preſſure of the external air, which can raiſe and ſuſpend. 
that height of water, will do the ſame to the proportionable one of mer- 
cury, in the Torricellian experiment. 


PARADOX V. 


The preſſure of an external fluid will keep an heterogeneous Iiquor ſuſpended at the 


Same height, in tubes of very different bores. 


Pour a ſufficient quantity of deeply ti water into a clear, d 
wide-mouth'd glaſs, Bd cloſe it Le cork, wherein 3 
round holes, of different magnitudes, have been burnt; into each of which 
you may thruſt an open glaſs- tube of a correſponding ſize, ſo that they 
may ſtand parallel to one another, 8 to the ſurface of the 
fluid, wherein they are immerſed. ides theſe holes, another ap 
muſt be made in the cork, to receive the ſmall end of a glaſs-funnel, by 
means whereof, oil may be conveyed into the veſſel, when ſtopped ; and 
in the ſlender part of this funnel, tis proper to place ſome cotton, to break 
the force of the deſcending oil, which might otherwiſe fruſtrate the expe- 


T1ment.. 
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*Sranics. riment. Things being thus prepared, pour oil of turpentine thro the fun- 


nel, till the tinged water be preſſed up into all the pipes, and riſe to a con- 
a ſiderable height therein, above the lower ſurface of the oil; when, you'll - 


"drawn off from the water; as the depth and preſſure of the ſame 


plainly perceive the liquor to ſtand at the ſame level, both in the greater 
and 1maller tubes, while in each it is plainly ſuſtain'd at that height 
above the other water, by the preſſure of the external oil; which being 
; lighter than water, 1ts ſurface will remain ſomewhat higher on - 
outfide of the tubes, than the ringed water they contain. And if, by 
means of a ſyphon, apply'd in the place of the funnel, the oil be N 
ecreaſes 

the liquor in all the pipes, both great and ſmall, will gradually ſublide. 
For, Liopoſe EF, the ſurface of the water within-fide of the tubes, as well 
as without them, before any oil ſwims upon it; the lightneſs of that fluid, 
compared to water, will prevent it, when pour'd thereon, from getting 
into the cavity of the pipes L, M, N: and, therefore, riſing on the outſide - 
thereof, it muſt, by its gravity, preſs the water, and impel it up into 
them. And if the upper ſurface F the oil reach to GH, and that of the 
water deſcend to TK ; by means of the quantity of oil made uſe of, the 
liquor in the pipes ought to have its ſeveral upper ſurfaces in the fame 
level with each other, -notwithſtanding the great inequality of their bores ; 
ſince that part of the plain TK, whereon reſts the circular orifice of the 
largeſt tube L, is no more preſſed by the incumbent water, than any other 
ual part of the ſame, is by the oil it ſuſtains; the oil having only an 
Tatzen height on the plain TK, to balance the preſſure of the liquor in 
the pipe. And tho the tube L were twice its preſent bigneſs, twould 
but preſs the ſubjacent plain IK, equally with the oil on the other equal 
parts. Nor ought this preſſure of the external oil to raiſe the water in 
the flender pipe N, above the ſurface Q, in the ſame level with O; for 
were the liquor higher in the ſmall pipe, it muſt preſs that part of the plain 


IR, whereon it refts with a force ſuperior to that of the oil upon the 


other parts of IK, which is greater than the oil could reſiſt; whence, con- 
ſequently, the liquor in the ſlender pipe, muſt ſubfide, till its ſurface fall 
below that of the external oil ; for, till then, the different fluids cannot reft 
in equilibrium. In a word, it matters not how wide the cylinder of water 
be, which the oil is to ſupport, provided it rife no higher than the diffe- 


rence in the ſpecific gravities.of the two fluids will admit of; for in this 


caſe, the preſſure of water on the 1 of the plain, will be 
equal to the preſſure of the external oil on all the other parts thereof; 


and, conſequently, the two liquors muſt remain perfectly bala 
| | 188 SC H O LIA. 
1. It may here be obſerv'd, that there's no neceſſity the 
L, M, N, ſhould be of the ſame length; fince, as their lower orifices are 
open, the liquor will riſe to the ſame height within them, tho? they lie not 


in the ſame plain below the water. 


+ . ; 
— 2 2. We 
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2. We all along ſuppoſe, and particularly in the laſt experiment, that Sra rich. 
the ſmalleſt glaſs >. * are of a moderate ſiae, and not exceeding . 
narrow]; or, in cafe they are, that allowance be made for the property of 
water's riſing in them to a greater height, than can be attributed to the 
balance either of water or oil, that keeps it there ſuſpended, 

PARADOX VI. | 

The direct preſſure ſuſtain'd by a body, placed any where under water, with its 

upper ſurface parallel to the horizon, is that of a column of water, whoſe baſe 

is the horizontal ſuperficies of the body, and height the perpendicular depth of 

the water ; and if the water preſſing upon a body, be contained in opem tubes, 
is preſſure is to be eſtimated by a column of the ſame, the baſe whereof equals 

the lower orifice of the pipe, and height a perpendicular from thence to the top 

of the water: and this, tho" the pipes ſtand obliquely, be irregularly ſhaped, 

or wider in ſome parts than the 72 orifice. 


The former part of our propoſition we might, with Sevinus, make more 
general, and thus demonſtrate. Suppoſe ABCD, a ſolid rectangular fi- Ng. 10. 
gure of water, whoſe baſe DC, is parallel to the horizon, and height GE, 
a perpendicular let fall from the upper to the lower ſurface of the water ; 
if that part of the baſe EF, be charged with more water than GEFH, 
the overplus muſt come from the adjacent water; ſuppoſe it then, if poſſi- 
ble, to come from AGED, and HBCF : then, for the fame reaſon, the 
baſe DE, will have more water incumbent thereon than AGED; and 
the like may be faid of FC, whence the whole baſe DC will ſuſtain a. 
ter weight than that of the whole water ABC D, which is abſurd. 
By the like reaſoning, we 28 that the baſe DC, ſuſtains no leſs a weight 


than that of the water G 


h, 
| Soo 


5 

* 

— — 
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s. the height of the' incumbent water was diminiſh'd, the oil over-balanced 


the water, and run out; it may be fairly concluded, that tho much of the 
water in the veſſel, lay higher than the immerſed orifice of the ſyphon, yet 
no more gravitated thereon, than what ſtood directly over it; that is, ſuch 
a column as our paradox requires. IO 10 15 


COROLLARY. 


It follows from hence, that water may preſs as regularly upon an im- 
merſed body, when not reſtrained by pipes, as when. included in them; we 
may, therefore, properly conceive a particular column of water, tho* it 
has no actual botinds, in an unlimited quantity of the ſame fluid. 

The firft part of our paradox holds equally true, whether the incumbent 
water be free or confined in veſſels of any irregular ſhape. Thus, tho” the 
ſhorter leg of the ſyphon be faſhion'd into a funnel, and filled with water, 
the oil in the other leg will reſiſt the preſſure thereof, ſo that the ſurface 
of the oil in the longer leg will riſe but little above that of the water in the 
Funnel.” For farther confirmation hereof, we try'd the experiment in a 
ſyphon;.in one leg whereof, a glaſs ſphere was made to communicate 
with the upper parts of the ſame. Into the uniform leg of this ſyphon, we 
E. a proper quantity of oil of turpentine, and filld the lower and glo- 

lar part of the other, with water; which proved inſufficient to ſuſtain 
the oil at a greater height, than if this leg alſo had been uniform: all the 
water in the ſpherical cavity, which fell not directly over the lower orifice 
thereof, being ſupported by the ſides of the ſame. And when the irre- 
gular leg was filld with al and the other with water, the former fluid 
would not ſuſtain the latter to an equal height, notwithſtanding its exceſs 


of quantity contain d in the concave ſphere. To clear up this matter ſtill 


farther, we poured mercury into the ſyphon ABCD, till it almoſt 
reach d the bottom of the globular part, in the ſhorter leg, and to an 
equal height in the longer ; then letting a proper quantity of water run 
into the longer leg, it impell'd the mercury in the ſhorter leg, till it 
more than half filled the cavity of the ſpherical part E, the tube AB, 
not proving ſufficiently long to allow of its being quite fill'd ; when, we 
,obſerv'd the ſurface of the quick-ſilver H G, to lie as high as the different 


ſpeciſic gravities of the two fluids „ FN ſo that notwithſtanding the 
n 


great weight of the mercury contain'd in the concave ſphere E, no more 
preſſed upon the ſubjacent ſlender part of the leg EC, than ſtood directly 
over its lower orifice :. whence the water in the leg AB, appear'd preſs'd 
only as much as if the leg CD, had been uniform, and without the ſpheri- 
cal cavity E. And thus, if the ſphere had been made larger, a ſmall 
quantity of water in the leg A B, would have ſomewhat raiſed a much 
greater-weight of mercury than its own. _ 

The ſecond part of our preſent propoſition is proved thus. We took 
three open, glaſs pipes, of the irr figures in the ſcheme, and plunged 
them in a glaſs veſſel of water, the two crooked ones ftanding very ob- 
lique to the upper ſurface thereof, and the higher ends of __ 
8 | | . 


thro' particular ſtrait holes made in a cork to the veſſel's mouth, Srarics. 
whilft the water aſcended to a certain height, thro' the lower orifies of CLYV 


every pipe; then pouring a conſiderable quantity of oil of turpentine thro 
a ite, into Ly veſſel. the water will . impelled to the ſame 
height, of two or three inches, into the ſeveral tubes: whence tis apparent, 
that notwithſtanding the irregularity of ſhape in the pipes, and the different 
wideneſs in each of their bores, the preſſure of the contain d water 
their lower orifices did not exceed that of five cylinders of the ſame, with 
each of thoſe orifices for baſes, and the perpendicular depth of the water 
and oil therefrom for their height. For had each of the pipes contain'd 
ſach a cylinder, its upper ſurface would have ftood at the ſame 
height; and if it did not depreſs the ſubjacent fluid as much as the exter- 
nal force tended to raiſe it, that exceſs of preſſure muſt have impelled it 
higher. Since then the water roſe to the ſame height in the ſeveral pipes, 
tho* two of them, _ inclined, contain'd much more water 
than if they had ftood ; by a like way of reaſoning, we may con- 
clade, that the imaginary plain cutting their immerſed ends, ſuſtain d no 
greater preſſure than that of a ſhorter, erect cylinder of water, For in all 
caſes where the pipe is either inclined, or wider in one part than in another, 
the weight of the liquor it contains, is not wholly ſupported by the body 
contiguous to the lower orifice, but in ſome meaſure by the ſides of the 
ipe. 'Thus, when oil of * er in a ſlender tube, balances the preſ- 
ſure of the external water, if the tube be barely inclined to the ſides of 
the hag was glaſs, a conſiderable quantity of water will get up into the 
pipe ; beca ail no longer reſting wholly upon the water, but partly 


pe ; i 
upon the tube, its preſſure on the water is diminiſhed, while that, conti- 


the oil, and intrudes it into the pipe ; which be- 
poſition, the oil will again depreſs, and 


nuing its force, impels 
I 18 to a 


drive the water out of its cavity. We farther cauſed three pipes to be Fig: 14 


blown «differently from the former, and filled their winding and irregular 
parts, as alſo their uniform ſtems, to a roger nr with oil of turpentine ; 
we then plung d them to a due depth under water, and there unftopping 
ir upper ends, the ſurface of the oil they contain d appear d at the 
ö height above the water, it would have done had the tubes been ſtrait; 
as we e a 1 one fill'd and immerſed 8 the reſt; tho => 
A in one e pipes Were, perhaps, thrice as t as that 
LEES oo eee 
| contain d in pipes, m y thei i i 
how wide, long, or irregular ſoever they are. | , 
ER RY > — + + green | 
The learned Sewinrus has a corollary from the preceding propoſition, to 
this purpoſe. If thro' the upper ſurface of a ———— an open, 
asd tube be erected eee and the whole united cavity of 
both fill'd with water, che bottom circle will fuſtain a prefſure equal to that 
«095 anda ) „ the 0 * 
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\Sramzes. the tube therefrom. 
the following 
Fig. 15, 


Fig. 16. 
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Tbe truth of this ed to try in 
manner. Having provided a latton veſſel ABE HGF, 


radox we attempted to try i 


furniſh d with a falſe wooden bottom CD, which was cover'd with a fine 


bladder, 


metal, and kept the water 
looſe bo 


bladder, and oiled about the lower edges, to facilitate its nag from 
rim of wood H G, that lay every where contiguous to the inſide of 
rom paſſi 


ttom we alſo faſten'd.a ſtrong 1 


the 
the 

between; to the middle of this 
1 2044 vhich came out at the orifice 


A. 'Thro' this orifice we then pour d in water, which preſſing the falſe 
bottom C D, help'd to tighten the veſſel, and keep its parts cloſe. When 


the whole cavity was fill 


d, we faſten d the upper end of the ſtring A, to 


the beam of a balance, and gradually 3 weights in the oppoſite ſcale, 
bottom C, 


till they elevated the falſe 


from the rim H, and conſe- 


quently liſted the incumbent water, which ſoon ran down between them. 
Now, we had before-hand found what weight ſufficed to raiſe the bottom 
. CD, alone; eremaiger wi therefore, from the weight in the ſcale, and 


. compa NC 
cylinder 1 ECHG 

the pi B, contain 
than l de attributed 


F, 


the remainder with the weight of as much water, as the ſhallow 
would, alone, withour taking notice of that in 
e found the preſſure upon CD, ſo vaſtly greater 
to. the whole quantity of water made uſe of, had 


it been contain d in an uniform cylinder of the ſame baſis with our inftru- 
ment, that we thought it ſome ſmall confirmation of Sevinus 's doctrine ; 
tho the paradox itſelf be greatly queſtion d by ſome men of learning 


* "Tis now ain. eftabliſh'd propoſition, 


that fluids preſs not according to their 


© quantity, but perpendicular altitude; and 
- may be demonſtrated thus. (4 | 4799 


Let ABC FE, be a veſſel full of wa- 


. ter. Now the 


veſſel were open at H, the column GH; 
would aſcend till it balanced the column 
BF: but ſince it cannot aſcend at H, the 


Water there muſt be preſid back by tbe. |. 


- obſtacle, , with a force equal to the 


| olumn B F, being heavier, - 
than the column HC, tis plain that if the 


weight of BL; for action and re- action 


are equal; and all preſſure here being 
preſs. a- 
with the 


reciprocal, the water at G, wil 
| gaink the bottom of the veſſel 
. 1Jame force. Now, as the weight of the 

column GH, is added to the er, the 


be the ſame, as if the column GH were 
of equal height with the column FB, that 
is, as if it reach'd to M. And the ſame 
reaſoning is applicable to all the other 


columns in the veſſel; conſequently, the 


bottom of t ED, will ſuſtain the ſame preſ- 
ſure, as 4 the yeſſel were fill d upto NO. 
eee 


— 1 
924 . 


| 


— 


— 


force of the water's preſſure at G, will 


applicable to conſiderable purpoſes; ag it 
ſhews us how an exceeding ſmall quan- 
tity of matter may be made to ſupply the 
place of one infinitely larger. | 
Thus, fornſtance, if the tube g. 17. 
A'B, of the inverted. typhon . 
AB CD, were cloſe ſhut, and the ſima!l | 
pipe CD, fill'd with water to D, that 
ittle quantity C D, would exert fuch a 
force e the larger, ABC, that if the 
cover of the great orifice were perforated, 
the water would be made to fly out there- 
ar, as violently, as if part of the little 
tube, C D, contain'd as much water, as 
the great one AB. * 
Again, if two cylindricat emboli were 
fitted to the tubes AB, and CD; the 
weights laid upon them, would be balan- 
ced, provided they were proportionable to 
the capacity of the tubes; that is, ſup- 
ſe - the capacity of the tube AB, was 
four times greater than that of CD, one 
pound laid ”=_ the little embolus would 
| — the foree of four pounds upon the 
| And theſe experiments might be 
varied infinite ways, See Clark. Aunot. in 
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8 PA RADOX. VI... 


A body, immerſed in a fluid, ſuſtains a lateral preſſure thereſrom ; which increa- 
ae ©) | Jes with the depth whereto ti; plunged. 


Srartes. 


Bend a ſmall glaſs tube at right angles, into a longer and a garden part ; pig. «8. 


then, by ſuction, draw up oil of turpentine enough to fill the ſhorter, 
and to riſe two or three inches high in the longer; njmbly ſtop the orifice, 
and immerſe the lower end of the tube under water; fo that the longer leg, 
E F, may ſtand perpendicularly to the ſurface A. B, and the ſurface: of the 
oil I K, but a little above the ſame AB; when, if the tube be unſtopp'd 
at E, the oil will continue as it was, and, conſequently, Where's a lateral 

reſſure of the water againſt the oil contiguous to G ; for, nothing elſe 
could hinder the perpendicular preſſure of the oil in the longer leg, from 
forcing it out; as will farther appear, by gently raiſing the tube, in the 
ſame poſture, towards the tap of the water; for, as the lower leg aſcends, 
the oil will be driven out thereat, by the preſſure in the other. And that 
the lateral preſſure of the water againſt the lower orifice is, before the 
tube be raiſed, nearly the ſame with the perpendicular preſſure of a cy- 
linder of water, reaching from the orifice el to the top of the water; ap- 

ars from the ſurface of the oil in the longer leg, always continuing a lit- 
tle above that of the water; as would happen, were a pipe of an equal 
bore, continued from the orifice G, to the top of the water at H. But, 
farther, if the ſyphon be plunged deeper into the water; the oil, by the la- 


into the longer; and if you immerſe it ſtill deeper, a cylinder of water wi 

riſe in the ſame longer leg, and ſuſtain that of the oil, which is now no 
longer able to balance the Faceral preſſure of the water at ſo great a depth; 
whence we find, that water has alſo a lateral preſſure againſt water, which 


increaſes proportionably to the depth; for the external fluid, could not, 


otherwiſe, impel that of the ſhorter leg into the longer, which it does by 

reatly — the reſiſtance of the whole cylinder of oil therein. Bur 
the tube be now gently raiſed again, and the lateral preſſure of the wa- 
ter againſt the immerſed end thereby diminiſhed, the oil will force the 
water firſt out of the longer leg, and then out of the ſhorter, ill, at 
length, it leaves the orifice G, and emerges. in drops to the ſurface. 
Again, when the oil in the tube is a balance for the external water; if its 
ſhorter leg be kept parallel to the ſurface thereof, and moving backwards 
and forwards any way at the ſame depth therein ; the oil in the longer leg 
will appear at the ſame height; from whence tis plain, a pillar of water, 
with a baſis equal to the tide of the body immerſed, may be any where 
ſupported in the containing veſſel; and that tho this imaginary column, as 
G B. be not included in any firm ſurface, its lower parts have, by means 


of the incumbent fluid, a lateral preſſure, tending outwards againſt its ima 


ginary ſides; and laſtly, that this preſſure increaſes in proportion to the 
height of the column of water above them. To conclude, if inftead of 
| Rr 2 | - "holding 


a 


teral profſure thereof, will be gradually driven quite out of the ſhorter leg 
he 
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Srarics. holding the longer leg of our tube in a 


| 2 fluid in the veſſel; for otherwiſe the air in the 


| TI « Dai TY 
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poſture, it be vari- 


di 
ouſly inclined to different angles with the furface the water A B, ſo that 
the orifice of the ſhorter leg HG, may ſometimes tend towards the top, and, 
at others, towards the bottom of the glaſs ; the oblique preſſure of the 
water depends ſo intirely upon its height above the orifice G, that the oil in 


| — — will ſtill continue with its ſurface I K, bur little higher than 


that ws 
en 8c H0114 

1. We once attempted to diſcoyer the quantity of this lateral preſſure 
by the following experiment. Having obtain'd 7 glaſs bubble X, with a 
fender neck, whoſe gravi fell very little ſhort of that of water; and provided 
a large wide-month'd glaſs, exactly fitted with a cork, perforated in the mid- 
dle, to receive, perpendicularly, a long, ſlender, glaſs pipe, that defcended 
conſiderably below the cork, Raton SG, was another hole, near its edge, 
for a ſecond ſmall pipe to paſs thro', whoſe upper end reaching only two 


or three inches into the air, was firmly elofed ; then the veſſel! being filled 


with water, and the bubble ſuffer'd to float thereon, the cork was applied, 
and well cemented to the mouth of the glaſs, ſo that nothing could paſs 
in or our of the veſſel, except thro the long lender pipe; all the other vents 
being carefully ftopp'd with cement. When things were thus pre 
and the bubble was made to float at a conſiderable diſtance from t U 
immer fed end of the long tube, we poured water thro its upper orifice 
which, for want of other vent, aſcended back again into ſame ca- 
vity ; and if the water therein was only permitted to riſe as high as I, 
for inftance, the bubble X, would ſtill continue a- float: but if the water 
roſe to R, the bubble preſently fell to the bottom of the veſſel, and remain'd 
thereat while the water ſtood to the ſame height in the pipe E F; but if the 
height were diminiſh'd, by pouring ſome of the water off, the bubble would 
re-aſcend. ' Hence we ſee, that the upper parts of water gravitate on the 
lower; and that, in a full veſſel, the ſame thing happens, tho" the former 
be not directly incumbent on the latter, but at a conſiderable diftance 
from the line of their direction; for the additional cylinder of water K I 
acting like any other heavy body upon the water, cauſes the bubble 4 
to ſublide. And, ſince the air induded in this bubble, was remarkably 
condenſed, it follows, that the cylinder of water K I, preſſed upon the 
bubble could not 
have been compreſs d: and as this bubble floated on one fide, at a tolera- 
ble diſtance from the pipe E E, and above its lower orifice F ; tis evident, 
that the cylinder of water I K, preſſes as well laterally, as directly, upon 
all the bodies that lie beneath its ſurface. And thus every aſſignable part 
of the ſides of the veſſel, ſuſtains a preſſure proportionable to its depth un- 
der water, and its own itude: if, therefore, any part were ſo weak, 
as to yield to the 1 1 the cylinder IK (due allowance being made 


Lor the obliquity of the prefſure) twere unfit to enter the compoſition of 


our glaſs. Even the cork itſelf, reſiſts a preſſure proporti to the 
| _ breadth 
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breadth of its under ſurface, and the height of the cylinder K I; and might, Sxa cs. 


therefore, if not too ſtrongly faſten d, be raiſed thereby; ſo that if the ce- 
ment ſhould fail, the water would forcibly iſſue out of its vents. Thus, 
alſo, the ſtopple G, of the ſhort pipe G H, may, by this means, be vi- 
olently thruſt out of its place, as will more ſatisfactorily appear, by 
ſtopping the orifice at G, with your finger, which will, there, be ſtrongly 
preſs'd upwards. 
2. To ſhew that the very oblique preſſure ſuſtain d by the bubble, from 
the water in the long tube, differ d not conſiderably Gon that of 'water 
laced directly over it, I ſet two ſuch bubbles ſeparately a- float in long cy- 
— * of water, when, if they were plunged but to a ſmall depth, 
they d riſe again to the top; ſo that I was obliged to immerſe them 
to a conſiderable depth, before the preſſure of the incumbent water would 


fink them. 
3. We may here, alfo, obſerve, how the preſſures of ſuch different flu- 
ids, as air and water, will communicate. For, having ſometimes left a 
ſmall part of our veſſel AB CD, upfill'd with 3 that air remain d 
between the ſurface L. M, and the cork ; the preſſure of the water in che 
ipe from I, to K, would, if the cork were tight, cauſe the bubble to 
Fok, as if the veſſel had been wholly fuld with water; the compreſs d and 
impriſon'd air above LM, communicating the preſſure it receiy'd to the 
contiguous water. 


bt PARADOX vm 
Mater will as well depreſs, as ſupport a body ſpecifically lighter than itſelf. 


We have proved, that the upper parts of fluids gravitate upon the lower 
or bodies immerſed therein. Now, when a body is — preſſed, it 
muſt neceſſarily move from that place where the preſſure is greateft, to 
where it is leaſt ; whence, if a quantity of oil, hath its upper ſurface alone; 
* to the preſſure of water, and nothing be in the way to hinder its 


cent, the oil muſt neceſſarily be depreſs d, and not buoy d iy RT * 
20. 
7 


Jo illuſtrate this by an an experiment; take a ſmall glaſs ſyphon 
with its ſhorter leg GH, 3 or 4 inches long, and parallel to the other 


E F; plunge the ſhorter into oil of turpentine, till it be quite filled, and the 
fluid reaches to an equal height in the longer, as from F, to I; then ſtoppi 

with your finger, the orifice E, of the longer leg, immerſe them both a little 
under water: remove your finger, and as you gradually plunge the ſy- 
pbon deeper, the oil, in its ſhorter leg, will ſink, and, at length, wholly 
riſe into the longer; which ſufficiently proves and illuſtrates our propo- 


SCHOLIUM. 


At once to confirm the {ene paradox, the forench, and the cond, 5 
rock a flender glad pipe G N L. and ſuck d oil of turpentine into Fig: 22 
| is 


go  Hydroftatical Paradoxes, 

STATICs. its lower orifice L, till it reach d to P, in the longer leg, in a level with L; 
IS and, ſtopping the upper. 094 O, with my finger, I plunged the tube to a 
- convenient depth under water; when, removing my finger, the external 
Aud firſt drove away the oil in LM, then depreſſed it from M to N; 
and laſtly, wholly impelled it into the longer leg NPO; fo that the oil 
was, here, evidently preſſed not only laterally, but alſo downwards, and 
upwards. 8 | c 19 4 k 4 " : r „ 4 4 pt - | « | | 
e TTL E010 EE 
Notwithſtanding the doctrine ef poſitive levity, an oil, lighter than water, may 
E le kept immerſed in that fluid. „n 


Since the ſurface of ſtagnant water is, phyſically ſpeaking, horizontal; 

197 - | Th ö > , | » 

that part which preſſes againſt the lower Weite an immerſed 

body, muſt be deeper than that which preſſes upon the upper : if, there- 

fore, the water incumbent on the upper part of a body, can be made to 

tand at a greater height than the reſt of che fluid wherein tis immerſed, 

ſo as to. balance what preſſes againſt the lower; oil may be ſuſpended be- 

twixt two parcels of water. To reduce this theory to practice, I ſuck d 

. Water into a ſtrait, ſſender glaſs pipe I P, to the height of an inch, and 
there held it ſuſpended, by ftopping the upper orifice with my finger; then 

plunging rhe ere end of — two 8 1 of ſome 

oil of turpentine, ly tinged with copper, whereby the oil, driving up 

the water, l the height of 44 inch in the lower end © the 

ipez when, I again cloſed its upper end, to keep both liquors ſuſpended. 

ike next place, I plunged the tube into a glaſs of water, three or four 

inches below. its ſurface; ſo. that the water, upon the removal of my fin- 

ger, was preſſed into the lower end of the pipe P, to Q, impelling up the 

oil AR, to R, and the incumbent water to TS; at which ſtations, the 

three ſeveral parts of oil and water together, preſs upon P, as much as 

the external water upon the other parts of the ſame plain G H; yer the 

dil QR, aſcends not, becauſe the water RS, is kept from deſcending be- 

lo it, by the ſides of the tube; whilſt its upper ſurface T'S, ſtands higher 

than A D, that of the reſt of the water: by which means, the incum- 
955 fluid may be made to preſs upon the upper ſurface R, of the cylin- 
der of oil, as forcibly as the water preſſes againſt Q, the lower ſurface 

* of the ſame ; whence the oil will remain ſuſpended. Ogre” 


9 


: 1 F * 


r PARADOX X. | a 
The aſcent and flux of water in phon, are explicable, without ſuppoſing a 

Ki | i > Fuga vacul. * 4 { 
Provide. a cylindrical glaſs A B C D, both wide and deep, as alſo, a 
IJyphon E K G, with unequal legs, ' communicating with a long cylindrical 
pipe KE; to each leg of this ſyphon, fix a cylindrical glaſs I, and H, filled 
With water, as in the ſcheme, that the water may run from the —_— 


Fig. 23. 
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glaſs. I, into the lower H; then, while the pipe E K, is held ftill, pour Srames; 


oil of turpentine, gently, into the cylinder AB C P, till it riſe above 
top of the ſyphon E K G when, the oil preſſing on the water, will raiſe it 
into the legs of the ſyphon, and force it out of the veſſel I, into H: in which 
caſe, tis manifeſt, the water runs thro* the ſyphon, whilſt the air has fiee 
admiſſion thereinto, at the orifice E;. ſo that nature's abhorrence of a ya- 
cuum, cannot be the cauſe of this flux. A juſt ſolution of the phenome- 
non may be had from conſidering the preſſure of the oil, and the ſituation 
of the veſlels ; for, that fluid aſcending hi her than K, preſſes upon the ſur- 
face of the external water, in the glaſſes I, and H, wherein the legs of the 
ſyphon are plunged, and forces it up into them; but as the excels of wa- 
ter in the glaſs I, proves an over-balance for the greater depth of oil in 
the glaſs H, the water is obliged to run from the ſhorter leg into. the longer. 
Thus it happens in ſyphons; when once the water is brought to run thro? 
them, the air gravitates upon the ſurface of the external fluid, wherein 
their legs are plunged, and not upon that which they contain; and, there- 
fore, tho* the incumbent air, ſtands a little higher over the fluid in the 
lower veſſel, than in the upper, yet the water in the longer leg, greatly 
over-balancing that in the ſhorter, it muſt needs flow out at the latter. 
And the TIES of the external. air being able to raiſe water to a much 
eater: height than that of the ſhorter leg, the efflux will continue till 
ome other cauſe put a ſtop thereto. But if the legs of a ſyphon exceed 
35 feet in perpendicular altitude, the water will not low thro' them; be- 
cauſe the preſſure of the external air is unable to raiſe water to that 
height. So, likewiſe, were an hole made in the top of a ſyphon, whilft 
water was flowing thro' it, the flux would preſently ceaſe; for the air, 
then preſſing, as well within as without the ſyphon, would return the 
water in each leg to its proper veſſel. To — this particular, I pro- 
cured two ſyphons, the one of tin, the other of glaſs, each of which had 
in the upper part of its bend, a ſmall perforation, which I could ſtop 
with my finger, or open at pleaſure ; wherein I frequently perform'd the 
experiment. And having once carefully ſtopp'd_ one of the aboye-men- 
tion d. holes, with oiled paper and cement, and found the water to run 
freely thro”. the ſyphon ; yet a puncture made in the paper, by the point 
of a needle, admitted air ſufficient to make the water in the legs fall 
back, before I could poſſibly ſtop the needle quick enough into the hole 
to prevent it. | | : Sins bets abs; ON | 
ano ads 9; 3ads d+cur eee eee | 
The moſt ponderous ſolid body wwe know, immerſed in water to a depth exceeding 
- | that of twemy times its own thickneſs, will float, if it be there fenced from the 
direct preſſure of the incumbent fluid. | bu, SY Py" 22 ge 


the. 


Let a deep glaſs veſſel A B C D, be almoſt fill d with water ; Where in if a * :4- 


ſmall cylinder of braſs E E, be immerſed, tilt its upper ſurface is juſt co- 
ver d, and then let go; it muſt, by reaſon of its greater ſpecific gravity, 
3 .  necelia- 


| 31% 


Srxrrcs. neceſſarily fall to the bottom. But, were it aced on the 


de kept f 


* Nene, 


ain IK, which 
lies at above the depth of nine times the body's thickneſs below the up 
farface of the fluid; I affert that ir would not deſcend, unleſs it were — 
downwards by the weight of the incumbent fluid. For braſs being near! 
nine times ſpecifically heavier than water; the body E F, ed would 2 
n the part F, as much as a cylinder of water, of an equal baſis, but 
A ol nine times the height of the de braſs and, conſequently, the part F, 
will be no more , „chan any other part of the plain I But 
ſince water gravitates on water, and alſo upon bodies heavier in + ſpecie 
than itſelf, if immerſed therein; the braſs-cylinder EF, wherever it reſts 
in the uid, muſt be forced downwards, both by its own weight, and 
that of the incumbent water. But were the incumbent _ revented 
from gravitating thereon, it follows, that the body would, t depth, 
ed. And, in caſe the body — in like ebony 2 
the plain L ; the much greater preſſure of the water on the other parts 
of the ſame ſarface, would impel it upwards, with a force proportionable 


And having found, by exact tryals, that the pureſt gold, the moſt pon- 
body we know, is wy uite twenty-times ſo heavy as an equal 

bulk of water ; if this "metal, alſo, were immerſed into a greater depth 
than that of twenty times its own thickneſs, and there fenced from the 
9 of the 8 water; it mult neceſſarily float. To confirm this 


to the difference of their reſpective weights. 


by an N banker body E F, e 
valve, and 3 5 — cemented to an open Brig pipe OP; 


1 the body E F, Want Bert tate of the in 1 and 
* derached therefrom, would fall by 2s own weight, if unfi 
Then to the gunna Q, faſten a thread, which, by being pulled upwards, 
= cauſe EF, to ofe the orifice of the valve: the valve bel 
unged under warer, to the depth of a foot, the cement, and the foes of 
og prevent the fluid from preſſing u n the upper part of 
OT EF, ond and, cafe gear, that N in VW, conti 
agg gs ye preſs'd * of the body EF, 
but in its other parts by — Aur Ale ſo chat, letting row 
th ring which ea che body EF doſe to the inſtrument, that body w 
ulpended dy the dare preffure of the water beneath it. A 


His allode 35 the 8 of the phenomenon, uppears by gen kg de. 


1 of the water; for when it has aſcended near the 


nes. ſu pple beech plains 1 Ky and NT, the body E F, will fall 


cxining well. 2 dey Ee ef dm — ww 
raining v ut v at under wa- 
ter, before che ring be relaxed, for — to che plain SR, the valve 
EF, will require a conſiderable weight, as L, beſides irs own, to disjoin 


it; but if the — wright prove inſufficient for the urpoſe, it may ſoon be 


render d J, the 4 
eee, inftrument, far than before, 


towards 


+ XY 
co- 
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why to flat poliſſid marbles, hen they 
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ES and OT 5 
ſo 1 robable, that ſeveral boles, clays, earths, 
eſpecially minerals, c. may be endow'd with conſiderable medicinal 

virtues, and, perhaps, greater than thoſe of the finer gems; becauſe herein 
are often found, more of the metallic and mineral parts, which, whilſt in 

— Snail, mighty ery plentifully inſinuate themſelves into the more 


therefore, thought it might 2 be fuſe e uſe to © Te wo phys mineralifts, and 


a new way for tho the method 
icſeff pretends not, directly, —— than one quality F the body 
it examines; yet that quality, being its ſpecific — 's 1o 2 
22 — in . 2 _ Abe hn kind of 
Its t rock- eryſtal is of t pure, an — 0 
ſtonesz I pitched upon this for the Randard, whereby to adjuſt and aſcer- 
© rain the purity and ſimplicity of other mineral ſubſtances. 


By 


leſs, farſt in air, and then in water, we found its proportion to 
ter, of the ſame bulk, as 27 re f, nearly, Thus, if a hollow, meta 
cube be exactly filt'd by one ounce of water; and afterwards, again, as 
exactly fill'd by a cubical piece of rock-cryftal, that bulk of the ſtone will 
weigh about two ounces and a half. Some of my trials, indeed, made with 
render balances, repreſented the proportion of theſe two bodies, with a 
very inconfiderable variation; but tis probable, that different pieces of 
cryſtal, tho* of equal bulk, may not have preciſely rhe ſame * : how- 
ever, the difference is ſo ſmall, that it may here be ſafely n = 
And to prevent any ſcruple about the origin and nature of cryſtal, I 
ſhall add, that 1 rocured fome ftrong iſicles, that had been faſten d to 
vaults,&c. as bodies that would be ledg d true ſtones, and yer to 
have once been in a liquid form: and having hydroſtati examin d 
theſe concretions, their ſpecific gravity appear d to be little from 
that of cryſtal. | i 
To apply this fundamental obſervarion to the preſence occaſion ; when 
would, with probability, diſcover whether the mere ſtony matter of a mine- 
ral body were mix d with ſome adventitious fubſtance of a metalſme na- 
ture, or of ſome other mineral more ponderaus than cryſtal; I carefully 
weigh'd it, as we faid, in air, and then in water: when, if its 
to water of the ſame bulk, exceeded that of 24 ro , or 5 to 2, T.conclude 
it probable, that the concrete had in it a portion of foreign matter fpecifi- 
heavier than cxyſtal, proportionably to the exceſs of the weight of 
the ſolid bal Ahoy hal of an equal bulk of water. To illuſtrate this 
rocedure by example. Toe EN 1 
, The magnet, upon account of its great hardneſs, is uſually rechon d 


' By carefully weighing fereral pieces of native eryſel, clear and eder. 
r Wa- 
- 


R 
* 


Examples to 


F 


among Rtones ; but having obſerv'd a particular kind thereof, to be appa- . 


rently more ponderous than-common ftone, of equal bulk, we weigh'd 

in air and water j and found the ſpecific LY ſome of 10 far ro 
2 that of cryſtal, or matble, that we concluded they contain d a con- 
ſiderable quantity of metalline matter, which, by collateral experiments ap- 


pear d tobe of a ferruginous nature. | 
Emeri is commonly reputed a mere ſtone ; bur finding its weight in wa- 
ter conſiderably to. exceed that of an equal bulk of - for it vas to 


has liquor nearly as 4 to 1; I conjectured, rt nta 
ubſtance; as afterwards, by progee tals, 1 Bund ir did. 

By the weight, alfo, of Lapis Hamatires on my hand, I conjectured, it 
largely rtook of a metalline ingredient ; and preſenti T difcover'd that 
jron or ſteel was contain d therein. And, in general, T haye frequently 


chat it contain d & metalline 


ſuſpected different bodies to be of a_metalline or mineral natute, and was 


feldom miſtaken in my canjefture; tho they have commonly been though 
to contain no ſuch ſubſtance. The . I, Uxewriſe, Found true, 580 
in 45 and American talc, from which I ave extracted merulſive putts 
F we muſt here ſet. down ſome preliminary obſervations. And firſt, 
if a propoſed foffil be much a an equal bulk of cryſtal, it is 
2 almoſt 


0 
Pri 


— 


8 is almoſt Th Hoc Ad ahi oof 
| - OTAT certain it cannot a re; is negatiy proof is here 
an e 2 d. Thus, for inſta ft nſtance, when I 
find 0 0 has a ific gravity 297 8 ſtal, I 
2 125 to Of no. mera 3 * The like determination wy 4s as to 
r bur vi vum, common 2 Engliſh and Venetian talc, 
om ,cqncretions, which are du 5 gut of the earth: among 
b black- lead. For having found its weight to ke 
water as 115 815 aſterwards diſcoyerd i it to be not lead-ore, but a par- 
U kind of mineral, and near allied to a fort of tale that 1 have met 
9 We 
2. We malt diſtinguiſh bergen the ſeyeral uſes. to be made of foſiils by 
men of different profeſſions. So that if a foſſil be found very little heayier 
in ſpecte;chan cryſtal or. marble, it may, poſſibly, have a metalline or mine- 
= portion, which, however ſmall in quantity, will perhaps entitle it to 
eſteem of a jeweller ph hyicjan,, 3 chy mi K. B But if this exceſs of its 
pecific gravity > iderable, the foffil itſelf will prove of little price 
to a N for if it be n metalline ſubſtance, it Tas chance to 


be hardly YE gone Fl ud 4 
olity of a follil generally p occeds' from a 


3. Bur tho the. be | 
meralline. ſtance Nabe d with the other parts ther f,” which 
zews, it not to be a mere ſtore ; yet this, alone, is 0b a ſure ſign \ that the 
mineral is properly metalline: and, therefore, where any doubt ariſes, 
we have recourſe to collateral 6 igns. For, belides metalline ores, 
properly 0 call'd, there are other foſſils, which, tho” of affigity to metals, 
may be difingurh'd fr "OM. true metalline ores ; ſuch, for inftance, are. anti- 
mony, biſmuth, Lapis Calaminaris, and marcalites. But there will nor, 
perhaps, occur many caſes, wherein we need to baye recourſs to collate- 
- 0 gas ol n art of a follil be, in a ſtrict ſenſe, 
metallive nature, or not. For duch ſemi- metals are moſt Fed 
— — Veins, wales, or great Jumps of their reſpectiye kinds; an 
eaſily diſcoye to What ſp jes they bele ug. I have, indeed, receiv d a lump 
of matter from Devonſßire, wherein J found ſome antimony mix d with 
lead, which was the predominant body. But ſuch mixtures occur fo ſel- 
A err that our jr Pen fue of eftimaring Popderous foſſils, Will, never- 
ul on moſt 

_— "Two different eftimares may. * made; of che ſpecific rayity of ores ; 
one, when the body. propoled is N righ'd 1 In its prey ral {tate, that is, as 
it comes ont of; the. cart eee with klie Tpar, 'or other heteroge- 
neous matter, that een adheres to it; and the other, after it has been 


beaten rated m heterogeneous ſubſtances by the help of 
Water, a e ben 5 agitate * there is on by difference 


weight de theſe and "rhe des pa the ore; which being thus 

2 from „ AT ſometimies, alſo, very pro- 

to prepare the ore af ng once or more, or by keepin 10 for 

"NPI eral hours in a. Fog ong fire; as is uſually practiſ re- 
2 ee l i be Rubborn. I by y mention — 


r a_ 4 1 
_ = < by 2 © of 
; n 1 - -- 
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obſery d, that, in ſeveral caſes, tis of great importance to diſtinguiſh them 
carefully. Bas Leere ores, which, in their natural ſtate „ e little 
ſpecific gravity, to make them judg d worth the charge of being wrought, . 
may yet, after they are prepar d by water and fire, afford a metalline por- 
tion, ſo ponderous, as to allow one to ſuſpect they contain either ſilyer 
or gold. I remember, that a piece of lead- ore, brought from Feland, 
ſeem d to me ſo light in the lump, that I thought it deſerv d not to rf 
wrought for lead; yet, afterward, upon trial, it appear d ſo well ſtor 
with particles of ſilver, that Iencourag'd the owner of the mine to work 


it. 


two tes, wherein the weight of an ore may be taken, becauſe I have Sra pics. 


5: There is one kind of minerals that I have obſer d to impoſe upon men in ag 


ſo frequently, that I ſhall take a particular notice of it. For, not to men-, pom 


tion examples from travels, and voyages, IL have myſelf met with numbers, 
who had great expectations from marcaſites. And I have receiv d not only 
from places near home, but even from the Ladies, foſſils, whereof my opi- 
nion was deſir d; which I found to be only marcaſites. Many of theſe 
foſſils have two qualities, that make them fit to delude the vulgar ; for, 
they ſnew a multitude of ſhining ſtreaks, reſembling gold; or have, at the 
ſame, time, a weight equal to that of true metalline ores. | Marcaſites,” 
then, being thus adapted to impoſe upon the unwary, I have had much 
ado to OPER ſome perſons, as to : pleaſing confidence they had en- 
tertain'd, that theſe promiſing foſſils were lumps of rich gold, or filyer- 
ore. Wherefore, ſince their weight, the criterion of minerals, is one of” | 
the two things that delude ſo many, I ſhall give a few inſtances of the ſpe- 
ific gravity, of marcaſites, to make it appear, that ſome of them are, bulk 
the bulk, far more ponderous than true metalline ores. And, indeed, the 
at ponderoſity of foſſils, has ſeveral times occaſion d me to determine, 
be trial, that they were marcaſites. But, to prevent being impos d 
on, by this, ox the like ſpecious ſubſtance, it is but placing it in a ſtron 
fire, and blowing, now; and then, with a pair of bellows ; for, by this 
means, the ſulphur wherewith-marcaſites abound, will take fire, and burn 
with a flame — the moſt part blue, like that of common ſulphur : ſo that 
once, by diſtillation, in a cloſe veſſel, T obtain'd four ounces of brim- 
ſtone, from three pounds of theſe ſtones. And, if when this foſſil ceaſes to 
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game, and ſmake; it be taken out of the fire, and ſuffer'd to cool, ir will 


de deprivd of all its g blackiſh 
ſubſtance, very different from that of a proper metalline ore. Marcalites, 
however, may be look d upon as a kind of meralline bodies ; for, T have. 
found ſeveral of them to contain, not only particles of copper, but alſo aof 
iron, or ſteel; for, aſter calcination, applying the pulveriz & remains, to 4 

igorous load-ſtone, great multitudes of chalybeate corpuſcles quickly ad- 
—. thereto. And, I remember, in a catalogue of the foffils of Mf 
publiſhed by Kentmannus, under the head of Pyrites, he places ſeveral mar- 
caſites ; ſome whereof contain d copper, others ſilver, others gold, and 
e enen 


al its . gaudy appearance, and turn'd to à brittle, blackimm 


is eee of or one of the emperor's beſt mines, he,preſently 


— 5 way, Wich —— —— ir it fome or . 
ibilt, 8 75855 a of runkin — he wee 
ven, 1 


- ſented me, Notwichftanding the caution dere 5 gi not deny, but 
that tis poſſible, for u xkifal aid to make a profitable uſe of marcaſites, 
either by fixing the volatile gold, or ſiver, W de found in ſome of them; 
ke graduati mere, Sc. But that for which T-much more 
5 them, what N be well remark d, that I am perſua- 
if they were ſimply, and, öf tbemfslves, bur dextrouſſy handled, 
E. may afford very £7 e and uncommon medicines, particularly excel- 
: 1 in ron ors: tho their uſual operation be almoſt inſenſible, un- 


De 6. N not here omit, thar tho tho' 1 who mike triab ef ores, va- 

—— j their own fliux-powders, or fuch y'> up by others; yet they 
Render, 

2 dly ſeem to expect ms ir n thoſe more than that 

cher ſhould beſt Facilitate the fuſion of the ore; as that which being once 

done, the merulline part will ſeparate by irs own weight, or, as it were, 


fieancoully. ' Bur yet, having p examin'd the matter more mee. 
„ 04 eompared the guanrities of meral obtain d from two portions, of 
1 Weiphe, df the fame dre, we found thofe ions "conſiderably 


= d; 1 5 that ich yielded leaſt metal, was Hund down with a 
vd well- adapted powder. And, I doubt not, but from other me- 
as 2 * a greater quantity of pure metal is 'obrainable, by ſome 

ders, 855 are bur little employ d, or known; than by others, 
are: W more famous and common. Thus two portions of the 
les tere, clear of ſpar ; deingz che one reduced wih à due weight of 
nitfe and tartar fulminated . afforded me a much leſs proportion 
1 lead, than the other, by means of half, or a quarter the quan- 
. lings of iron. And, be fn a mach more precions mineral 
e, I try'd'the like with fome ounces of native cinnabar, 
finely pulveriz? d; by adding to otie half a fed Alka of tartar, and to the 
other, a different fAiix-powder, we obtain'd from "the former, twice as 
much mercury, as we did from the latter, tho” diftilfd with a fixd atkali 
rila- ER ions, dis neceſſary the aer de ted 

Are. re we procee. 8 the rea uain 
. r the Weibel of weighing heavy bodies in water ; "which * Fable 
to ſeveral i a ad hen norice of" the more 
„ bona ow none Tem rs 
ro; ve a general noxion 

| ip hydroftati Ne ge icſelf, with all in pps, be view'd ; 
Fig- 26. wherein A A, is che beamvof thebatance, BB, the CC, the needed, 
| on the beam is nged ; with D, irs fliding focket;/ E, the arm; withF, 4 
- over Wie and G, another p paiſes'A, à line faſtemd to I. Aa 
moveable weight; by which the beam is e and depreſs d. K, is a hair 
 wherewith to ſuſpend L, the body to be 'weigh'd in the water of 

the glaſs ciſtern. N, is the-bucker for liquors, O, the box of grains, P, 

the 


* 


" . 
% | 2 


the forceps, wherewith to e them, Q, the pile of ' weights, R, the Sramcs: 
handle of the balance, and 8 888, the table. 5 | 1 
The folid body to be examin d, ſhould be ty d about with an horſe-hair, 
of a competent length, and faſten'd at its other end, to one of the ſcales, 
of an exact and tender balance; that the body, having been carefully 
weigh'd in the air, may be immerſed in a proper veſſel, almoſt full of 
fair water, ſo as to hang freely therein, and be on every ſide encom- 
paſsd with the fluid. This done, put weights into the ſcale, to 
balance the body hanging in the water ; the beams of the ſcale will 
her horizontal, and the weights employ'd give that of the body in water. 
Deducting, therefore, this weight from the weight of the ſame body in the 
au br bye Sara hr or is, the 2 the — . the whole 
weight given in air; and the quotient wi w the - 
tion in ſpecific rity, wenn the fold; und un eqn bulls. of wanks: 
To ithaftrate this by an example, we put a fine piece of white marble, 
which ſeems the moſt pure of any common opake into an exact ba- 
lance, and took its weight in the air 1169 grains ; then a horſe- hair being 
d about it, and the other end of the ſame hair, faſten'd to one of the 


1 
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ſoales ; under which, at a convenient diſtance, was placed a deep glaſs, almoſt 
full of fair water ; we ſuſſer d the ſtone to hang beneath the ſurface 
of the fluid; and, in che te ſcale, placed weights enow to bri 
it to an rium with the other. Theſe weights amounted to 738 
—— which gave us the _— of the marble in water ; which being 
bſtracted from the 2 the fame ſtone in air, there remain d 431 
ins for the of the equal bulk of water : by this remainder, we 
Fided the weight of the marble in air, wiz. 1169, and found. the - quo-- 
went to be 2.7 nearly, for the fpecific gravity of white marble to- wa- 
— | | | 
- Tis ener , that the body propos 
to be weigh'd, muſt be heavy enough to fink in water; 2 
its weight in the fluid cannot be fignificantly deducted from its weight in 
ay; bur if there be occaſion to weigh in water, a body lighter ## ſpecre 
than water, it may be done, tho” with difficulty, by joining to it another 
body, that is able to fink it. | JU r 
8. A horſe-hair is made choice of for hy- ical operations, becauſe 
dis thought to be of the ſame fpecifie gravity with water; and tho” that 
true, a horſe-hair is fitter to be employ'd in theſe tri- 
han any other firing I know of; and its weight uſually differs fo 
hetle from that of water, that the difference may be negletted: but 
ral of them may be twiſted together. | 
9. I fomerimes had occaſion to examine bodies hydroſtatically, which, by 
reafon of their ronndneſs, or other incorwenient figure, could not well 
be faſten d to a hair; in which caſe I uſed hairs interwoven inte a kind 
of a ſmall hoop-ner, the meaſhes whereof would not ſufter the body toflip 
10. And 


| 1 ſtatical trial is made, by means af a horſe- hair. there muſt be put into the 
6 oppoſite ſaale, as much of the ſame ha ir as ſeems equal to hat ſuſtains 

the body, and appears above the ſenfarnolinhemater: for: that fluid only 
# — — of b corn hats: as1s immers d in ic ſo that its 


_ — —— body to be — in water. — | 
wen, L did not off one of the ſcales; I cauſed it to be perforated in 
3 the middle, without leſſening its weight; that ſo the A 
Fo op mas — -from the centre of the ſeale. . by 
nf Feit: on tokens that-abe bedded be axgmin'd; dong! tare 
, ſo that no part of it, 32 touch the bottom, les 
ofthe veſſel, or reach above the upper ſurface of the water it contains 
for; When any of theſe circumſtances are neglected, the true — Ge 2 
the-{olid; is, ſome what alter d: and if any part of the body, or horſe-ha 
is tied with, appears above the water, it adds to the my — 
p as nothing but che water is to touch the hanging 1 * no part 
Ache fluid rank touch the ſcale from whence it hangs. I have ſeveral 
F times · hſrrved, chat immers'd bodies have been concluded to weigh more 
1 in water than they do, from a neglect in obſerving, that if the ſtring 
de too ſhort, or the veſſel too full, the vibrating motion of the balance wil 
1 ut · one time or other, carry down the ſcale to which the ſuſpended body is 
_ tied, Io as ta make dome part of it touch the ſurſace of the water; a — 
— — fr will readily ſtick to it; which, becauſe, they adhere to its 
under part, may lie conceal d from a heedleſs eye, ſen bly. add to the 
weight 4 544 5h and make the body be thought — it naturally 
Y is an error Yer { prejudiciel when exact experiments are required. 
= - - 13. But the uſual cauſe of miſtakes, in hydroſtatical trials, pro- 
I - Kan re — 8 
Ferry dom with air; w too, m extricate 
Others chat lay conceal d in the en e in.che fame 
A hies. Tbeſe aerial particles faſten chemſelyes to the little aſperities they 
TE {ariace.of the immers d body, and like ſo many little 
A air, endeavour to buay up the body they adhere to: and; there- 
1 roportion to their number and bulk, leſſen the due def the 
= re: ee en nl 
periments, to wa e body a ſides 
of the A pact x adhering . bubbles may thereby. be be difplac'd and 
Lede of the water. And, e this caution ſhould 
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that appear'd about ir, others ſucceeded in their ftead, before the experi- CYWWI 


ment was finifh'd. 

I have been the more circumſtantial in explaining the way of weighing 
bodies' in water, becauſe experience hath taught me, that the practice 
it is not ſo eaſy as might, at firſt he, be expected. 
Having obtain d the weight of the given body, firſt in the air, and then 
in water, according to this method; 1 will not be difficult to diſcover, 
8 the proportion in * ht between the ſolid and the fluid. 

he foundation of our practi is theorem of Archimedes. A body 
heavier than water, weighs | in ow than it does in air, by the weight 
of an equal. bulk of water.“ Whence we deduce a rule for our p 

fe. For if the weight of the ropoſed body, whilf it is every way 
2 unded with water, be ſubſtracted from that PE the Tame body in air, 
the remainder gives the aerial weight of a quantity of water equal in mag- 
nitude to the ſolid ; ſo that having the weight both of the ſolid and fluid, 
divide the grea ene and the quotient compared to an unit, Will 
ko the Ko. ali roportion ſought between the ſolid and the wa- 
_ And this rule bas tqually, mutatis mutandis, for other RY 
as water. | 


Many learned men have been of opinion, N there 
were no ſuch things as gold-mines ; * yk elf to : ——— 


9 as to this particular: for „ notwithſtanding all the i ry 
not find a man who would ſay he had ſeen any. Ar length, I . 
ſome ore, preſented to Ki Charles II. which I judged to be genuine; 
and alſo received from an unknown hand in the Eaſt-Iadies, another piece, 
- the clefts whereof, and a little beyond them, there appear'd ſome 
| js Bi wherein, dy their colour and other ſigns, it ſeem d manifeſt that 
the predominant metal. But the — piece, and that which 
Le: beſt farmiſh'd with metalline parts, weighing about an ounce and a 


The bydreftati- 
lied to 
Seſt to ol. 


quarter, contain'd ſo great a proportion of ſpar, — ͥ — | 
to 


water, was hut as 2.21 to 1. Its metalline portion, ho 


pus for there pear'd no fign of any other meral therein, nor, in ſome 


pieces that I receiv'd abs with it. Its ſpar, or ftony matter, wherein 
the true ore is immediately lodg'd, did not mble the ſpar of lead-ore, 
or that of any other of our metals; but ſeem'd, at firſt view, to be a 
kind of white marble, with a daſh of yellow. And, upon trial, I found it dif- 
fer d ſtill more from the ſpar of lead-ore, which, with us, is uſually white, 
and almoſt ſemi-diaphanous. For our ſpar of lead-ore 38 ſo ſoft, that 
it may eaſily be cut with a knife ; but the 1 an 1 this gold-ore was 
a ſolid ſtone ; and ſo hard, that when iece of fteel, it 
would yield ſp arks of = And, farther, the ſpar of- Nel Hol waa will 72 
and ſuddenly, calcine to a kind of lime ; i our golden-ſpar, tho 
8 ** did not appear to at all 

OL 
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The Hyadroftatical Balance. 
hor of lead-ore will, alſo, diſſolye in ſome acid menſtrua, 
and even in diftilld vinegar: yet I could not find that this golden ſpar, 
when kept for ſeveral hours in ſpirit of ſalt, Aqua fortis, or Aqua regia, 
was manifeſtly wrought upon by any of them. 
A piece of ſpar, that ſeem'd ſcarce to contain any gold at all, being 
hydroftarically examin'd, we found its ſpecific gravity to water, as 2.65 


ro 1. | | ” , 
Theſe obſervations, imperſect as they are, may, perhaps, be ſerviceable 


to ſuch as have never ſeen true gold-ore ; and, in particular, to thoſe 


who ſearch after gold-mines. in Jamaica: where, as general Venables, the 


ſon who conquer'd it for the Ergliſh, inform'd me, at his return from 
thence, the Spaniſh governor of the iſland, whilſt his priſoner, confeſs'd 
there was 1 tho the Spaniards, for want of workmen, could 
not dig deep enough in queſt of it. 
By what I have ſaid of the true gold-ore, I would not have any one diſ- 


 couraged from ay for gold in other metals; becauſe, I know, it may 


ſometimes be found blended with predominant minerals, as appears from 
the copper-mines of Crenmitz,, whence a conſiderable quantity of gold is 

early obtain'd. And I have ſeen an Engliſh tin-ore, wherein there lay, 
In httle cells, a number of ſmall leaves or chips of gold; and tho' the tin- 
men, being unable to ſeparate them to profit, uſually melted both the me- 


_ tals together, and ſold the maſs for mere tin; yet the owner of the mine 


aſſured me, that one of his work-men advantagiouſly 8 his own 
children to pick the gold out of the ore, when skilfully broken. There is, 


alſo, a place in Scotland, where, oyer a lead-mine, near the ſurface of the 


ground, they often find large grains of native gold free from ſpar ; ſome of 
which I thought worthy to be preſented to that curious examiner of ores, 


Prince Rupert; and I ftill have a piece of native metal by me, that came 


from the fame place, in weight above forty grains, and wherein gold is 
the predominant metal. 1 | 
I have found a grain of natural Soth gold, without any adhering ſpar, 
to weigh three drams, twenty-one grains; another grain of the ſame, that 
had a little ſpar flicking to it, weigh'd three drams, three grains; ſo that, 
3 the h eous ſubſtance, it weigh'd about three drams. 
d, laſtly, a grain of Scorch gold weigh d, in air, 43 grains; in water, 
395 grains; whence its proportion to water is as 12 5 to 1. | 
It often happens, that, among the leſſer grains of gold, properly call'd 
Tand-pold, there are pieces, ſingly big enough to be ty'd about with a horſe- 
hair, and weigh'd in water; to which, re, our hydroftatical way 
of examining ores may be uſefully apply'd. For, fince pure gold is to wa- 
ter of the ſame bulk, as 18 or 19 to 1; it will readily appear, whether the 
2 propoſed be perfectly pure, or not. | 
Me frequently receive from the maritime parts of Africa, ſmall frag- 
ments of gold, in the form of ſand or gravel, which. ſeem to have been 
waſh'd away from hidden veins by the violence of the waters; to eftimate 


the genuinenels and degrees of purity whereof, our hydroſtatical * 


beuz 
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of examination may be of ſingular ſervice. For the ſpecific gravity of per- Srames. 


fectly refined gold to water, being known; tis, thence, eaſy to examine its 


degrees of fineneſs. And, when once the true ſpecific gravity of a 


of ſand-gold is known, together with its degree of fineneſs, gain'd by 


collateral trials ; this ſpecific gravity may be uſed as a ftandard, whereby 
to try the fineneſs of other parcels of the like native gold : whence the 
fraud of the Negroes may, in this caſe, be prevented; who often clandeſtinely 
mix with the right ſand-gold, filings of copper, or braſs; whoſe ſpecific 
gravity is not half ſo great as that of ro. go 

Aquafortis, alſo, would immediately diſcover this fraud, which will not 
work upon gold ; but corrodes braſs, and thereby gains a colour betwixt 
blue and green; tho' if much filver be naturally mix d with the gold, this 
proof, by Aqua fortis, will require skill: and, therefore, good ſpirit of 
urine may be ſubſtituted in its ſtead, occaſionally ; for this will readily 
work upon fung: of copper or braſs in the gold, and gain from them a fine 
blue colour. And, to haſten the operation of this liquor on filings of 
braſs, or copper; tis but ſpreading them thin, upon a piece of white pa- 
per, and moiſtening them throughly therewith, that the air may promote its 
action; for, by this means, I have often produced, in a few minutes time, 
a pleaſant blue colour upon the paper. Spirit of hart's-horn, or other vo- 
latile alkalies, or even ſtale rank urine, will ſerve in time of need, and yield 
the ſame phenomenon. | * | 

But if a ſolid ſubſtance be defired for this purpoſe, common ſal-armoniac 
may be uſed, by making a ftrong ſolution thereof in water, and applying 
it as any of the former; for this alſo, will ſoon gain a greeniſh colour, or 
a blue, from braſs or copper, and without ing the gold. 


I have obſerv d ſuch a variety of appearances and diſguizes in metalline A! minerals | 
bodies, and other minerals, that I would adviſe the ſearchers after mne, ow 


to have their eyes always open, and ready to take notice of any un- 


known, or uncommon foſſil; and not neglect to weigh it in their . 


hands; and if it ſeem to exceed the weight of cryſtal, or marble, to 
examine it Le For there are in England, and ſeveral other 
countries, uſeful foſſils, uſually overlook d by the unskilful. I have found, 
in this kingdom, eagle-ſtones even upon the high-ways ; and ſome other 


minerals that were not ſuſpected to be of Engliſh growth. And, I re- 


member, that paſling by a potter s work-houſe, and viewing the ground at- 
tentively, I made a 2 of ma e, a 1 — for 
glazing and colouring of earthen veſſels, which the potter, afterwards, 
gladly uſed for that 3 The ſame perſon ſhew'd me a place that 
contain d great ſtore of a foſſil ſubſtance, unknown in Eugland, that ran very 
far under ground, like a vein of metalline ore; by ſome eaſy trials I found 
it abounded with vitriolate ſalt, much more than any marcaſite I had ex- 
amin d in the form of ſtones : whence I concluded, it might more profita- 
bly be employ'd to make vitriol, than the marcaſites uſed for that purpoſe 
in the works at Deptford, or elſewhere, in England. | 1 
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- Sravcs. I , alſo, that a mineral of an odd appearance, being ſent me 
e unknown to the miners who dug it up; I found it to be the ore of bil- 
— vein that afforded it was very ſmall. But the chief rea- 

fon for which I give this particular caution, is, that an application of 

dur general remark upon the ſpecific gravity of foſſils, may be extended 

to a he and confiderable uſe ; for we need not confine ourſelves to exa- 

mine only thoſe foffils, whereof we can obtain pieces ſufficiently large to 

de ſingly weigh'd in water; becauſe, not to mention the minerals that may 

' be found uſeful to the phyſician, the 
| of metals may be often found diſguiz d in the form of earth, or mud, that 


r, may conveniently be examin'd by means of a glaſs jar-bucket, 
cally. of a known ſpecific gravity : for, this veſſel being almoſt fill d there with, and 
that matrer, carefully counterpois'd in air, and made —_— wet with 
ly let down in the ſame fluid, and there kept ſuſ- 
by a horſe-hair, tied to a tender balance, the difference between 
the weight of the mineral, and veſſel in air and water, will be obtain d; 
the weight, therefore, of the veſſel, in water, being ſubſtracted from that 
difference, will give the weight of the foſſil in water, and, conſequently, 

its ſpecific e in water. | 
And to ſhew that this method wants not proper ſu whereto it may 
be apply d; we are told, that one of the beſt ſorts of Swediſh iron is often found 
in the form of a red mud, at the bottom of lakes, or other ſtagnant water: 
and 1 have obſery'd Engliſh okers to be richer in iron, than ſome ores of 
that metal. And, an f writer, upon the gold and filyer mines 
of America, takes notice, that gold, itſelf, is oſten found diſguized in a 
| reddiſh earth. Varnnochio, alſo, a famous Ialian mineraliſt, tells us, that 
+ . xeddiſh ſort of earth, ſometimes, contains the richeſt metals. I, myſelf, 
+. © have obſerv'd ſome finely 8 to grow in a red earth. And, 
llaſtly, a traveller preſented me with a certain earth, which he affirm'd to 

come from the diamond-mines; and this, alſo, I found to be red. 

Colow'3 ſands, But a mineraliſt may make a more advantagious uſe of our hydrofta- 
«ud grow tical bucket, by employing it in weighing colour d ſands and gravel. 
And, to ſhew how apt we are to over-look ſands, for want of trying them 
by weight; I have, ſometimes, ſeen à fort, lighted as worthleſs, which 
"being waſh'd, and viewd thro a microſcope, appear d like a heap of 


and, perhaps, were really ſo. But what is more extraor- 
dinary, having obſerv d, that the black ſand, uſually employ d to dry freſh 
Writing, ſeem d, manifeſtly, heavier than the common; I examin'd it by 
the bydroftatical bucket, which gave us its ſpecific gravity to water, as 


about 4.8 to x ; and, by melting it down, with two or three parts of 

" antimony, and caſting it into an iron cone, I found it of an irony nature; 

and, by applying it to a load-ftone, to be far richer in metal, than any of 

our Dis iron-ores ; for, at leaft, ſeven parts in eight, would eaſily be 

taken up by the magnet. But ſuch obſervations as theſe, are not my chief 

. and gravel to the _— 
| | 18258 : 1s 


tities of gold from the coaſt of Guinea, which is waſh'd, or pi 
the ſand. And, even in Europe, there are rivers whoſe ſand is inrich'd by 
grains of gold. For this, the Tagus, that runs by Lisbon, and Patfolus, 
were famous among the ancients. An induſtrious chymiſt aſſur d me, he 
got gold, with profit, from the ſand found on the banks of the Rhine - 
and 75 is a little . 0 h d king ape Mie ge a__— land- 
flood, I ſaw poor employ d in ſeeking for grains | trial, 
alſo, that 1 Lark gar. to be made, confirm d me in K that 
the ſands, of many places, if skilfully treated, by chymiſtry, may afford 
much more gold than is got from in form of grains. For, beſides 
that there may be many particles of gold, ſo very minute, and cloſely fix d 
to grains of ſand, as not to be taken notice of by the eye, or ſeparable 
by waſhing or picking ; there may, as I conceive, be many ſmall portions of 
that metal incorporated: with the body of rhe ſand; which a skilful artiſt, 
by the help of — additions, might ſeparate to good advantage; eſſ 

cially, if with litharge, or minium, the ſand be firft reduced to a aH 
and then care be taken to get the volatile gold, by giving it a pure bo- 
dy, fit to retain, and fix it; ſuch, for example, is fine ſilver; out of 
which, I remember, we ſeparared, by quartation, from a crucible full of 
vitrified fand, and two or- three fluxing materials, of ſmall price, ſixteen. 


grains of pure | ö 
Volatile gold is, I know, by many learned men, look d upon as a ficti- 
tious thing; yet I have, by the help of an addition, inconſiderable as to 
bulk, and more ſo, as to weight, without a naked fire, and in a glaſs re- 
tort, ſublimed crude gold; ſometimes in the form of a yellow ſalt; and 
ſometimes, when the operation ſucceeded better, in that of thin cryſtals, . 
1 57 68 — gloſſy, and as red as rubies : this by the bye. It may, per- 
aps, be more uſeful to ſearchers after rich foſſils, to obſerye, that when 
they meet with ſands, earths, mineral fragments, Cc. whoſe ſpecific gra- 
vity but little exceeds that of cryſtal, ; and yet, by the place wherein 
they are found, or by other tokens, give „ ir containing par- 
ticles of gold, — ſhould not haſtily reject For, having ſometimes 
diſcover d corpuſcles of iron, and fteel, in a vaſt variety of foflils, and diſ- 
guizes, I IT that ſome golden particles may lie conceal'd in ſeve-- 
ral bodies, which are thought to contain no metal; and ftill more in me- 


talline ores. | id en 
But thoſe who would apply hydroftatics to ores in general, ſhould en- nd 


deavour to procure ſpecimens of different mines, eſpecially if they be i 


found in the ſame country; and either by trial, or ſtrict inquiry, inform 
themſelves what proportion of the reſpective metal they contain. For 
theſe portions of ores, and minerals, being carefully weigh'd in air and 
water, and their ſpecific gravities thereby known, may ſerve for a kind 
of ftandard, wherewith to com hydroſtatically, the metalline portions - 
contain d in other parcels of ore, of the ſame ſpecies. Thus, for in- 
ſtance, all our iſb lead-ores,worth taking notice of, may be divided into 


Frans. three kinds ; and, in each of theſe, a latitude; allow'd for greater or leſs 
degrees of goodneſs. Of the firit ſort are thoſe that, in the ordinary 
| ways of melting; hold, ſome of them, from thirty to forty pounds of lead 

in an hundred weight; and others, to forty-five pounds; which are often 

Nlighted, as ſcarce worth the working. The ſecond fort may reach from forty- 

ive to ſixty pounds in a hundred but the moſt uſual proportion, Ihave found, 

In my trials, hath been about half the weight of the ore, in clean and mal- 

leable lead. Theſe are thought indifferently good, and worth the working; 

Put others,.comprized in this ſecond ſort, hold about fifty-five, and ſome near 

ſixty ; and theſe we look d upon as pretty rich. As for the third 

Jort, it may conſiſt of thoſe that yield from ſixty to eighty pounds in the 

hundred ; and ſuch ores are juſtiy reputed. very rich, eſpecially if they 
dome near up to eighty pounds. I confeſs, I never met with any that 

reach d ſo far; but was affur'd by the maſter of his majeſty's mint, that 

he. had found ſome ſuch. "Theſe look as if they were all metal; and I 

have obſery'd ſome lumps thereof to be compos d of ſeveral large cubes, 

very firmly adhering to one another. * n 

| "Is to the, ores, preſented me from different countries, I haye inſerted 

their ſpecific gravities, in the table annexed to this treatiſe ; ſuppoſing it 
may be of uſe, in making a conjecture, with other concurrent circum- 

Kances,. whether a mine may be advantagiouſly wrought ; but, concurrent 

circumſtances are, by no means, to be neglected. . | Hou 

| | A IL 


: 
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NR E come now to the ſecond part of our deſign ;. that is, to apply 
| to the Materia che hydroſtatical balance to the Materia medica. And firſt, there is 2 
a =; aud deep and hard mineral, calld, in the ſhops, .by the name of 
vis nmatites, Lapis Hamatites, Which, tho little uſed by our Engliſh phyſicians, is, in ſe- 
veral places abroad, highly eſteem'd, and, in my opinion, not withour cauſe ; 
particularly for the ſomniferous guah to be obſerv'd in ſome of its pre- 
-parations. this tofſil, we weigh d, in a tender ba- 
piece that chanc d to amount to three ounces, two drams 4, firſt 


wederd, and diligently mix d it with a double weight 
* 1 it, as I 42490 114 


nal 
"Vat 


| The: Hydroftatical\Balance: _ 
bulk of water, as 3 to 1 ; which argues, that notwithſtanding its brisktteſs Srarics? | 
in operation, it contain'd a much ſmaller proportion of metalline ſub- CFWAg 
ſtance, than Lapis Hæmatites, or ſeveral leſs violent minerals. "7 * 
The load-ftone is applicable to medicinal uſes, and may have ſenſible n. t=. 
operations upon the human body; for which reaſon we examin d it hydro- 
ſtatically, and found the weight of a lump thereof, that I judg d to be 
either Engliſh, or ian, was, in proportion to water of the mag 
nitude, as 4-93 to 1. eee by 
is Calaminaris, is frequently in pecially by chymiſts, Calawive, 

to abſorb. acidities ; 2 which purpoſe — it to ſeveral more 
famous drugs; but though tis uſually employ d only as an external 

remedy, * ſome uncommon chymical ions of it, make me 
think it deſerves to be further examin d. A famous empiric candidly- aſ- 
ſured me, that the medicme he with great ſucceſs — uſe of, againſt 
fluxes, was nothing but pure, and well-ground Lapis Calaminaris; hence 
I readily conj that it participates of a metalline nature: which may 
alſo be argued from its operation upon copper, which it turns into braſs: 
wherefore, weighing a piece of this foſſil, we found it to water, as 4.69 
to I. | 
Let it be here obſerv'd, that tho when a hard foſſil is found to be much 
heavier than. cryſtal, of the ſame bulk, tis very probable, the ſolid con- 
crete contains a conſiderable portion of ſome — or rous mi 
neral body; Whence its good or bad qualities, with regard to the animal 
ceconomy, may, probably, be deduced ; yet tis very poſſible, for a foſſil 
to be endow'd with medicinal virtues, or noxious qualities, on account of. 
its extraneous matter, tho' its ſpecific gravity but little exceeds that of 
cryſtal, or the difference be inconſiderable ; for a. very ſmall proportion of. 

ventitious metalline, or mineral ſubſtance, if it be of a violent nature, 

may, in ſome caſes, diffuſe it felf thro'.the reſt of the maſs, and impregnate 
it with active qualities; as we ſhall ſee hereafter. 

But further, this method of examination, may aſſiſt us to gueſs, with Red oral” 
probability, whether a mineral body be of a ſtony nature, or not. Thus 
coral, for inſtance, is, by ſome, thought to be a plant; by others, a Lytho- 
dendron.; but, by the greater number, a precious ſtone ; in which diffe-- 
rence. of opinions, its ſpecific gravity may prove of confiderable ſervice. 

We, therefore, weigh'da piece of choice, and well-colour'd red coral, firſt 
in air, and then in water, and found its proportion, to an equal bulk of 
the latter, to be as 2.68 to 1 : whence their opinion, who take it for a 
2 ſeems moſt probable; ſince its ſpecific gravity exceeds that of cry- 


Pearls, becauſe of their hardneſs, are often thought of a ſtony na- 
ture. A. monſtrous one being preſented me, that was taken out of an oy- 
ſter, its ſhape irregular, its magnitude extraordinary, and its aerial — 4 
amounting to 206 grains; I weigh id it in water, and found it to be thereto. 
283 1: ſo that its ſpecific gravity nearly equall d that of cry- 


Calculs: 
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m inat ion. 


adventitious matter inſinuated into the more 


7. | 
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Srarics. -'Calkuli' uni are fre 
». long and, indeed, the g e e ed of em, may not improperly en- 
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to be true and genuine Rones 


qo 


.title them to that tion: however, I ſhould rather call them animal 


ones, than ſimply- ſtones; which, by our method, may be eaſily diſtin- 


-guiſh'd from thoſe, and other the like concretions, found in the bodies 
SS 
not only by ical t d not to the mineral 
in — _ on an — 1 - — 8 ion 
in vi true foſſil one 
reel in proportion 20 fn 
equal bulk of water, as 1:76 to ; and another, that weigh'd four drams 
and above a half in the air, being alſo weigh'd'in water, appear'd to be 
thereto as 1.69 to 1. : | | h 
I mention theſe ſtones as n the Materia medica, tho they are 
look d upon rather as morbific fi ces; becauſe a famous phyſician, who 
ene 
opean had to virtue , cithe or 
rere iow wi | r, 
We made the like experiment upon bezoar- ſtones; the firſt of which 
weighing in the air three drams, and odd grains, was found to be in pro- 
ey to water of the ſame bulk, as r.47 to 1. Another, weighing 
what leſs than three drams, prov'd to an equal bulk of water, as 1.53 
to 1. A third, being the nucleus of a larger ſtone, weigh'd in the air two 
drams and fifey-one grains ; and its proportion to water of the ſame mag- 
nitude, was found as 1:55 to 1. In which ſeveral inftances, we may ob- 
ſerve, that theſe animal ftones, not amounting to twice the weight of an 
equal bulk of water, have a leſs ſpecific gravity, by above a part, 
than a true foſſil Kone. eee! aig 43 ir u pf 
Again, we may by hydroftatics be aſſiſted to diſcoyer the reſemblance 
or difference between ies of the fame denomination. Thus, for in- 
fiance, we have found a notable difference' between the ſpecific weights of 
ſeveral load-ftones dug up in different countries or mines: and if a greater 
number and variety of experiments of this kind were made, we night poſſi- 
bly find; that, ceteris the ets of one country or mine, are con- 
. than theſe of :' for I ufually obſerve, that the 
EngliſÞ-and Norwegian load-ſtones are — php go than thoſe which are 
ſaid to come from Zaly. And this difference © „ Pym terra ; 
the ſame kind; when conſiderable, may help us to diftinguiſh between the 
ſtones of the ſame loweſt ſpecies, that are ir to di countries or 
mines. But in caſe the unequal weight proceed, as it often does, from an 
genuine part of the foſſil, 
whilftthat remain d fluid or ſoſt; it may enable us to conjecture at its 
greater or lefs* purity; which, on many occaſions, may be of no ſmall 
ule ton phytician; a jeweller, or a naturaliſt. r 1690 
er 


Another conſiderable advantage of our hydroſtatical metliod, is, that it 
ue us to diſcern genuine ſtones from counterfeit, which too pas 


n A ann 
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for true, to the great prejudice of phyſicians and their patients, and the 
great loſs of RI . their cuſtomers : for as there are few qualities of 
bodies more eſſential than their ponderoſity; ſo there is ſcarce any wherein 
impoſtors find more difficulty to make a notable alteration, than in this, 
without being diſcover'd. In ſeveral caſes, indeed, *tis not very difficult to 
alter the ſpecific weight of a particular body, yet it may, perhaps, be im- 
practicable to make a conſiderable change in that quality, unleſs by ſuch 
additions or operations, as will cauſe a ſenſible alteration in ſome other 
qualities too, and thereby ſubje& the fallacy to a diſcovery, And this 
will prove more particularly difficult to vulgar cheats, or adulterators of 
gems, and other valuable minerals ; becauſe the ſmall knowledge they have 
of the number and variety of natural and artificial productions, ' confines 
them within narrow bounds, to accompliſh their fraudulent deſigns. And 
whilſt they are intent upon counterfeiting only the more obvious qualities of 
things, and, perhaps, upon eluding the known and popular trials ; they will, 
probably, neglect the ſpecific gravity. By this means, a pearl, for inftance, 
is diſcoverable to be counterfeit, without the leaſt prejudice to it. And I 
remember, ſome factitious corals, which I made, to ſhew what might be 
done in that kind, were, notwithſtanding their fine colour, ſhape, and 

gloſs, eaſily diſcoverable by their ſpecific gravity manifeftly exceeding that 
of natural corals. - 

And; ſometimes, I have made paſtes, or factitious gems, with red lead; 
which, tho' tranſparent, and finely colour d; yet by reaſon of their wegh, 
were very liable to be detected by hydroftatical trials. I have ſeen a fair 
adulterate bezoar- ſtone ſo reſembling the genuine, that a great price was 
ſet upon it; but being brought to me for my opinion, I made no doubt of 
its being counterfeit, red its appearing as heavy, as a mineral ſtone of 
the ſame bulk. | 


Another uſe to be made of our hydroftatical method of - examining ſolids, 4A /hew the 
is, on many occaſions, to aſſiſt us in making eſtimates of the genuineneſs, sy of i _ 


or the degree of purity, of ſeveral bodies, that may be uſefully employ'd in 

phyſic 3 provided they are heavy enough to ſink in water: for when we 
ave once found the ſpecific gravity of a concrete, which we know to be 
good and genuine; the degree of its ponderofity may ſerve for à kind of 
ndard, . whereby to judge of other portions of the ſame denomination. © 
A great difference ſhould, doubtleſs, be made between the eſtimate of 
ſome ſtones, vulgarly called gems, according as they ſerve the purpoſes of 
jewellers and goldimiths, of phyſicians or chymiſts: for the tradeſman, 


who uſually aims wholly at the beauty and luſtre of a ſtone, may juſtly _ 


eſteem thoſe, ceteris paribus, the beſt, which are in ſpecie lighteſt; becaufe 
ſuch are generally more uniform as to ſenſe, and more tranſparent ; and 
alſo receive their colour from pigments of finer parts. But, on the con- 
trary, thoſe who ſeek for medicinal virtues in gems, may juftly value ſuch - 
the higheſt, as are moſt ponderous ; becauſe they are more plentifully 
ſtock'd with metalline or mineral ſubttances : whence. the greateſt part 
of their virtue is, in all probability, derived. And this difference in the 
Vol. II. | Uu ſpecific 
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ſpecific. weight of ſtones of the ſame name, I have ſometimes found far 
eater than one, 1 has not try d them, would imagine; as will appear 

| chevy aug yet I would not from hence infer, that even ſuch ſtones as ap- 


pear fine, and are but light in their kind, haye not metalline particles that 


giye them conſiderable medicinal virtues. For there are mineral 


may A 
: B of ſo ſubtile a nature, that ſuch an inſenſibly ſmall quantity, as 
Will 


carce render them heavier than colourleſs gems, may be diffuſed thro 
the whole, and impregnate. every ſenſible part thereof. Thus I have 
known five grains of powder'd zaphora, mix'd with an ounce and half a 
dram of finely pulverizd Venice glaſs, and kept an hour in fuſion by a very 
violent fire, afford a tranſparent maſs, which was throughout of a fine 


deep blue colour; ſo that one part of the pigment tinged above a hundred 


parts of the glaſs : and when we added eight grains of zaphora to an 
ounce of glaſs, that 1s, one part to ſixty ; Fang mixture having — kept for 
the like time in ſtrong fuſion; the maſs was too deeply colour d for a hand- 


ſome gem. + ag e bs > 
7's further to manifeſt, that a little metalline matter may ſuffice to 


give a tincture, and thereby impart a virtue to a vitreous body, and even 


to gems; I ſhall add another experiment. I had long. conjectured, that 
there was in granats, eſpecially in ſome of a deep colour, abundance of 


chalybeate corpuſcles, more than ſufficient for the granat itſelf : upon 


this ſuppoſition, I took a German granat, which I had kept by me for a 


 . rarity, on account of its bigneſs and deep. colour. Of this, carefully re- 
duced to very fine powder, we exactly mix'd eight grains with an ounce of 


finely pulveriz'd cryſtalline glaſs, and afterwards kept the mixture for two 
hours in a very hot furnace; by which means, we obtain'd a pretty uni- 


form mals, ting of a green colour, like what prepared iron or fteel gives 


Thus much may. ſerve in ſome meaſure to ſhew the uſe of the hydro- 
ſatical method of examining drugs; upon a 4 agg that they are ſolid, 


_ of a ſufficient bulk, and gravity able to fink 


em in water. But many 


ſimples, and other © popderable ſubſtances, that may, upon good grounds, 


be refer d to the 


| = | 2 water, and unapt to mix therewith ; I take ſuch a bucket, or wide- mouth d 


water, and un- 
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of the water,” may be conſider'd as having no weight at all; and, conſe- 
quently, the additional weight of this bucket, may be alone taken for 
that of the contain d body itſelf in water: fo that, for inftance, the bucket 
thus makes a maſs of quick- ſilver, tho* fluid, as fit for weighing as if it 
were lated into a ſolid. And in this manner we proceed to weigh it 
hydroftarically, as if it were a. ſolid. "os 

But, for the more ready performance hereof, tis convenient to have in 
readineſs a couple of weights, the one equal to the weight of the glaſs- 
bucket in the air, and the other to the weight of the ſame in water; for 
theſe immediately afford a counterpoiſe to the veſſel in either medium. 
And, thus, we put a ſmall jar, capable of containing half an ounce 
of water, into one ſcale of a tender balance, and furniſh'd the oppoſite 
with a counterpoiſe thereto ; into this little veſſel we pour d 480 grains of 
Spaniſh mercury, and ſuffer d the bucket, with this mercury in it, to hang 
by an horſe-hair, from one of the ſcales, in a deep glaſs-veſſet of water: 
there was now in the oppoſite ſcale a counterpoiſe to the weight of the 
glaſs in the water; ſo that the weights that were added, gave us the 
weight of rhe quick-ſilver only; the weight of the glaſs being already al- 
low'd for. By this means we found the weight of the guck er, in wa- 
ter, to be 446 grains; whereby the greater number being divided, the 
quotient is 14, and about ++: ſo that the mercury appear d to be in gra- 
vity, to water of the ſame bulk as 14.11 to 1 * tho, in former trials, I 
ſcarce found common quick-filver to weigh full fourteen times, and ſome- 
times ſcarce thirteen and a half ſo much as an equal bulk of water. Whe- 
ther the weight of the preſent mercury'proceeded from its participating of 
gold more than others ; which, from another experiment, em -d not im- 


S | RR | ; 


all running mercuries, tho 55 5 d unadulterated, were preciſely of 


the ſame 71 5 Nay, I obſe 
combined with 
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weigh'd, before the experinient js began; that the liquor may hahe time to 
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e thus ſea ſonably expell d, would, upon the immerſion of the veſſel, produce 


numberleſs bubbles in the water, that would buoy up, or faſten them- 


To Bodies that 


4 
1 
. 

* = 


pate rah 
*» muna 


I rh) h L.in this caſe, prefer to any other fluid. 


1 
1 , 


- 4 
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was harbour d in their interſtices: for theſe little aerial , portions, if not 


Jelves to the ſmall bodies, and render the experiment uncertain, or falla- 


1 


clous. | Me” | 
I this way of examining bodies be carefully practiſed, by a skilful hand, 
and with a tender balance, it may prove of conſiderable uſe to phyſicians, 
Aruggiſts, apothecaries, lapidaries and goldſmiths. Thus, for exam- 
ple, the fra ents of the five r ſtones, that are made ingredients 
of Confettio Hyacinthi, may each ſort of them, a- part, be properly examin d 
by their weight in water, when the true ſpecific gravity. of a parcel of the 
hneft is once known; And, by the way, tho granats are Fob among 
e ſiye precious medicinal ſtones, — in ſome diſpenſatories, are pre- 
fer d as the beſt; I have found a great difference, in point of pondero- 
ſity, between European and American granats, compar d with others, which 
I myſelf. took out of an odd American mineral; whence, tis natural to 
conclude, that their virtues might be very different, if not as to kind, yet 
at leaſt as to degree. And not only factitious pearls, that often paſs br 
genuine, may often, by this expedient be diſcover'd, eſpecially if mercury 
Enter; their compolition ; but we may, probably, by the ſame method, di- 
finguiſh. the natural pearls of ſeveral kinds, and different countries; 
whereof I have ſeen, and poſleſs a far greater variety than would ea- 
fily be credited. But, becauſe it more concerns phyſicians, and their pa- 
tients, to make an eftimate of ſeed-pearls, than of the larger ſort, t 
are ſeldom uſed bur for ornament; I ſhall here obſerve, that, when fur- 
nul'd with very fine oriental ſeed-pearls, which ſeem'd proper for a ſtan- 
dard wherewith to compare others, we found them to water, of the ſame 
bulk, as 2 4 to 1. $5 e Fab oaths | 
Hut what courſe muſt we take, when the body to be hydroftatically ex- 


ded body cannot be immediately weigh'd in water; yet we may ſubſtitute 
another liquor, that will not diſſolve it, and thereby find its 7 gra- 
vity to that medium; and then, by comparing the difference of thoſe two 


liquors, in point of gravity, we ſhall diſcover the body's woght in water ; 


ppoling it could have been kept undiſſoly d therein. Conſidering, then, 
that, except quick-ſilyer, the viſible fluids we can command, are either of 
An aqueous, or oily nature; and that moſt bodies, whereof we can make 
ſolutions. in liquors of the former kind, will not diſſolve in thoſe of the 
er we preſume, that the moſt ſaline bodies, ſuch as alum, vitriol, 

-gem, bot ax, ſublimate, Cc. may be commodiouſly weigh'd in oily flu- 
ids, as oil of turpentine, for ary oner rather the ſpirit of turpentine, 


„* 4 
- 


Here, to avoid. the trouble of calculation, we may, often, eaſily 


find the pecihc gravity of bodies to others of the ſame, or a different 


tpecies.; and ſo make a probable gueſs as to their genuineneſß, by being 


 Yionided with one piece of the body, of known pucity, to ſerve MO 


Cal 


| 
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dard. Thus, for example, if the goodneſs of ſublimate be ſuſpected, take Sramcs: 
an ounce of ſome that is known to be fine, carefully balance it in oi 


of turpentine, and note its weight therein; then, an ounce of the ſuſpected 
ſublimare being weigh'd as the former, if it prove of the ſame gravity 
with the ſtandard, it may be ſappoſed good; but if it weighs leſs, tis a 
lign it wants a due proportion of mercury. 'The fame method is applica- 
ble to Mercurius dulcis, and many other bodies, wholly, or partially diſſo- 
luble in water; as alum, which is often ſophiſticated with ſome baſer falt ; 
ro Roman vitriol, which is, ſometimes, either counterfeited, or adultera- 
ted, by roch-alum and a tincture of copper: and, according as the weight 
of the body in oil recedes more or lefs that of the ſtandard ; fo the 
adulteration may be probably concluded leſs, or greater. | 
I might, alſo, bit 


for all, its weight in the air; then weighing the ſame, firſt in one of the 
liquors to be examin'd, and afterwards in others: whence, the difference 
between the ſolid, and each of the fluids being obſery'd, tis eaſy to find 
the 1 of each, and to aſſign the proportions betwixt them. 

But if only one ſolid be employ d, tis neceſſary ſuch an one be choſen ; 
as hath a much greater ſpecific gravity than is barely neceſſary to fink it in 
water; becauſe ſome liquors are much heavier than that: nay, it ought 
to be heavy enough to {ink in all flaids, except quick-ſilver, if tis 
ſign'd for experiments in general. But tis not very eaſy to pitch 
ſuch a ſingle ſolid as hath all the qualities requiſite to our purpoſes * 
it ought not to loſe any of its weight by the inſenſible avolation of 
effluvia, = be of a conſiderable ſpecific gravity, and not too large, 
or intenſely 
much liquor to ſurround it ; its texture ſhould te proof againſt ſharp 
and piercing menſtrua ; it ſhould, alſo, be of a * A 
broken or ſpoil'd ; and, laftly, of a natural, uniform, and procurible 
ſubſtance. | 

— _ — * _ en: have * when 2 

ly ſhap everally ma e of for this e; yet all want 

— 2 other of the defirable ualifications D I, therefore, fre- 

uently three other bodies, as more proper. The firſt was a 
piece of amber, between three and four drams in weight, of a high | 


colour, very tranſparent, and of an uniform texture, and convenient figure. 


This we apply'd to examine the lighter ſort of liquors, ſuch as water, 
wine, brandy, Cc. but tis not proper for the more ponderous liquors, 
fince twill float at the top thereof. 

The ſecond is a globular glaſs, which I caus'd to be blown at a lamp, 
and to be hermetically ſeal'd at the neck, that was N made very 
ſhort, after there had been lodg'd therein juſt as much quick-filver -as we 


gueſs d would ſerve to ſink it in any fluid, except mercury. This, by 
reaſon of its great bulk, in proportion to its weight, was fit to diſcover 
minute differences in the gravity of the liquors twas weigh'd in, 4 | 


0 


heavy, leſt it overload a tender balance, or require too 


able to be 


rve another uſeful way of eſtimating the gravity of Ae may of 
ſolids and fluids, by taking a heavy ſolid, and carefully obſerving, once 2 the be: 


gravity of 


| STATIC. 
* 


could not be corroded by ſharp menſtrua; and, therefore, on ſeveral occa- 
ſions, I prefer d this i ent to either of the other. ot Beit | 

But this being too liable to accidents, for experiments that are to be im- 
parted, and recorded for poſterity ; I made uſe of rock-cryſtal, which, on 
account of its numerous good qualities, affords a fit meaſure, whereto 
.other bes er, 88 7.8 this pure 8 employ d an 
almoſt compleat globe, weighing in the air two ounces, thirty-three grains; 
wherein. Were two ſmall holes near one another, that might 2255 be 
ſtopped up with hard wax, after an horſe-hair had been run thro them ; 


; 1 whereof it was eaſily faſten d to the ſcale, and made to hang in 


have often occaſion to 


water... The bulk of this ſphere made it the more fit to diſcover 

differences between 1 apc in point of gravity. But, becauſe we may 

ow the weight of fluids, which, by reaſon of their 
ſcarcity,we can command onlyin quantities; as chymical oils, tinctures, 
eſſences, c. we provide for ſuch liquors an hexagonal priſm of natural 
cryſtal, with a kind of pyramid at one end; which, by reaſon of its oblong 
figure, might be commodiouſly weigh'd in a {lender cylindrical glaſs, that 
required; but a ſmall quantity of liquor to ſurround a body ſo conveniently 
ſhaped, and that weigh'd in the air but half an ounce, and fixteen grains. 
And, to render the obſervations made with theſe two bodies upon medi- 
cinal, and other liquors, the more uſeful ; let it be taken notice of, once 
for all, that the ball of al was to an equal bulk of water, as 2.57 to 
* thereabouts.; and the priſmatical oblong piece, as 2.66 to 1, to 


have been the more particular upon the way of trying the gravity of 
ſeyeral liquors. with one ſolid, becauſe a double application may be made 
EF on ſeveral occaſions, ſerviceable to chymiſts, phyſicians, apothecaries, 

others. 


* 


| <a ApS. or a, piece of clear amber, or ſome ſuch convenient body, that 


is not too little, nor, in ſpecie, too heavy, may ſerve the chymiſt, apothe- 
cary, c. to make probable gueſſes at the degree of ſpirituoſity, or tenu- 
ity, to be found in B belonging to the vegetable, or animal 
kingdom; and this with far leſs error, than by thoſe ſigns whereon the 
common conjectures are grounded. For, a ſtandard- liquor being provi- 
led, twill be eaſy, by obſerving the different weights of amber in ſeveral 
fluids, to judge of the fineneſs of any of them in its kind; for, ceteris paribus, 
that is the thinneſt, or abounds moſt in ſpirituous parts, where the ſolid 
weighs more than in another; as, for inſtance, the amber we em- 
ploy d, that in water weigh d 6 5 grains, weigh'd in common red French 
wine 8 + grains; in common brandy, of a pretty good i, 17 + grains; 
and in ſpirit of wine, highly rectify d, 34 4 grains. The ſame way may 
be employ d to judge of the ſtrength of ſpirit of vinegar, Cc. But here 


it muſt paſs for a general rule, that, probably, as in liquors the ſolid 


, 


weighs/more.or. leſs, according as the liquor tis weigh in, is more or 
leſs ſpirituous; ſo, on the 24 „in acid ſpirits and liquors, the leſs the 


ſolid weighs, the ſtronger the uſt be reputed ; that greater n 
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of monks proceeding uſually from the greater proportion it contains of 
alts. | | 

Tis another advantage of this method, that as the common way of 

trying the goodneſs of ſpirit of wine, brandy, Cc. by ſetting fire to a 

ſpoonful of them, to ſee — much is inflammable, and what portion of 

egm will be left behind; whereby, in tract of time, a conſiderable loſs 


l ſuſtain d; the proper proof may be made in our way, without any ſuch 


By theſe obſervations, alſo, eſtimates may be made of undiſtilłd liquors 
of the ſame kind; as, ſeveral ſorts of beer, ale, cyder, Cc. and the ſame 
ſolid may be employ'd to compare liquors of different kinds with each 
other | 


But if the liquors to be examin'd are very ponderous ; amber will not 
be a proper ſohd in this caſe : for I have found, by trial, not only that it 
{ſwims or floats in ſeveral fluids made by ſolution of ſalts, whether in the 
moiſt air, or with water ; ſuch as oil of tartar per deliquium, a ſolution of 
the ſalt of pot-aſhes, c. but that ſome diftil'd liquors would not ſuffer it to 
ſink to the bottom of them ; as I found in oil of vitriol, ſpirit of nitre, and 
even good ſpirit of ſalt. Joh. 
a> is {till 8 be made of * «ran Ty ſolid, which 
ma uentl as conſi le, in general, by aſſiſting in rtioning 
the Srengeh of — : b 
ticular liquors already prepared. For there are many experiments that do 
not ſucceed ſo well, unleſs the liquor be of a determinate degree of ſtrength. 
Thus, I have found, that if Aqua fortis, whoſe ſtrength is reckoned the 


beſt quality it can have, were rectify d too high, it would not diſſolve 


filyer ; but require to be weakned, by an addition of water; and that it 

would not near ſo well diflolve the raſpings of crude lead, when only mo- 

derately ſtrong, and fit to diſſolve ſilver, as when conſiderably diluted with 

water. And in ing extracts from many vegetable ſubſtances, chymiſts 

themſelves may fall into a miſtake, affecting to employ their moſt recti- 

| 2 ſpirit of wine, as the beſt me for their purpoſe; for the me- 
1 


icinal virtue of many ſuch bodies does not wholly reſide in what they call 


their ſulphur, or roſin, which indeed is beſt diſſolved by highly rectify' d 
ſpirit of wine; but in a more gummy, and, perhaps, mucilaginous ſub- 
ſtance, for whoſe extraction a moderately low ſpirit is more proper. 


Thus we ſee that gum-arabic, gum-tragacanth, Oc. are indiſpoſed to diſ- 
ſolve with the beſt rectify'd ſpirit of wine, but readily mix with more 
aqueous liquors. And ſome bodies, tho diflaluble in both kinds of men- 
ſtrua; yet open leſs eaſily to ſtrong ſpirit of wine, than wateriſh fluids; 


as may be obſerv d, particularly, in myrrh. 
And thus much may ſerve to ſhew bew uch it will be, on ſeveral oc- 


caſions, to regard the degree of ſtrength of the menſtruum, or liquor, em 


ploy'd in any curious experiment; ſo that when it ſhould be repeated to 


the ſame 5 we may be able to bring the fluid we make uſe of, 
egree of ſtrength with that before employ d, which * 


to the ſame 


menſtrua; as the former is to diſcover the ſtrength of par- 


335 


Starics. 
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Srarics. r . effect. But, in very accurate experiments, tis proper to obſerve, 
N that if the liquor be very Were in ſpecie, as oil of vitriol, or oil of tartar 
per deliquium; ſomethi Key 6 to be placed in the ſcale, from which the ſo- 
Aid „ to com te 

be conſider d as a ſomewhat lighter. body than the fluid, and, therefore, 
capable of buoyi the ſolid. th rn | 
Nr : Besides the d juſt mention d, there is another, which we have of- 
bk ten found of ſervice, in comparing the weight of different vers of the 
* ſame magnitude. This is done by ſucceſſively filling a vial, furniſh'd with 
a long, flender cylindrical ſtem, to a certain ſtanding mark, made near the 
top, With the ſeveral liquors, to be, by weight, compared together. But 
this not being hydroſtatical, I ſhall no longer inſiſt upon it here. To pro- 
ceed, therefore, there is, hkewiſe, another way to diſcover whether two 
or more liquors propoſed, differ in _ gravity ; and to make ſome eſti- 
mate of their difference: viz. by a hollow cylinder of braſs, or other me- 
tal, made ſomewhat heavy at the bottom, that it may ſwim upright ; which 
2 will ſink more or leſs, in ſeveral liquors, as they are lighter or heavier 
than one another. But Merſennus, who propoſes this way, confeſſes it to 
be very difficult to make ſure obſervations thereby; to which I add, that 

the metal may be corroded, or otherwiſe aſſected by urinous menſtrua. 
What Meryſennus ſaid of this inſtrument, is applicable to a different one, 
made of two glaſs bubbles, and a very lender ftem, which is hermetically 
ſealed; with a ballaft of quick-ſilver, in the loweſt, to keep it ſteady, when 
partially immers'd in liquors ; where like the metalline cylinder, it ſinks 
deeper in the lighter than in the heavier, according to their differences in 
5 — But tho I have often employ d this inſtrument, and found it 


erviceable, when I made uſe of ſeveral of different ſizes, according to the 
various liquors I was to examine; yet it is, in many caſes, inferior to the 
balance. Uh | 
' Merſennus, alſo, propoſes another hydroftatical manner of weighing li- 
quors in water, thus. Take a glaſs vial, to which, being firſt weigh'd in air, 
and then in water, you are exactly to fit a topple of wax, or cork; this 
done, fill the vial with the liquor you would examine, ſo that no air be left 
between that and the topple : the veſſel, thus fill'd, is to be weigh'd in 
water ; and PubfireRing from its weight there, that of the glaſs in water, 
and alſo that of the ſtopple, the remainder will give the dert of the liquor 
in water. This may, perhaps, be ſerviceable, on ſome occaſions, yet, I 
fear, it is troubleſome, in practice; for, ordinary vials, capable of con- 
taining a competent quantity of liquor, are uſually too heavy to be applied 
to tender balances; and common ſtopples will be ſubject to various incon- 
veniencies: for which reaſon, I prefer to it a method I formerly thought of, 
and which I have, ſometimes, pur in practice, by chuſing a ſmall round 
- vial; and, inſtead of ordinary ſtopples, fitting it with one of glaſs, carefully 
ound to the neck of it: for, by this means, the inconveniencies of a 
ple, -lighter than water, were avoided ; nor would that alter its ſpecific 
.gravity, either by abſorbing, or evaporating ; nor would it be penetrated 


by 


* N 1 N 
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by the moſt ſubtle, or corroded by the moſt tio 
be added, (becauſe, in ſome taſes, it is conſidera 
will not communicate any tincture, or extraneous quality to the liquor; 
which cannot be ſaid of cork, or wax, in regard of ſome ſubtile, and very 
corroſive liquors. This vial, then, together with its ſtopple, being carefully 
weigh'd, firſt in air, and then in water, to ſettle the gravity of the whole 
inſtrument; we fill'd it exactly with the liquor to be examin d, and pro- 
ceeded as if we were to weigh quick-ſilver, in the manner already de- 
ſcribed : the weight of the given liquor in water being thus obtain'd, its 
proportion, to an equal bulk thereof, may be eaſily diſcover d. This way 
of examining liquors has its uſe; and I the rather, ſometimes, made choice 
thereof, becauſe tis applicable to all kinds of fluids, whether heavier in 
Joecie than water, ov lighte r. a 1 


Laying aſide the topple, the round ball may ſerve, on ſeveral occaſions, 


inſtead of the hydroſtatical bucket, formerly mentioned; for the weighing 


of quick-filver, and heavy powders; eſpecially coarſe' ones. But, if the © 


inſtrument be fitl ſhaped, and not too heavy, a ter conveniency than 
this attends it: for 8 — you have li 887 8850 2 ſurround the Bottle; 
it may be commodiouſly ſubſtituted for the bydroffatical bubble, with quick- 
filver ; its exact ſtopple ſupplying the place of an hermetical ſeal: and; 
beſides, tis far leſs ſubjelt to break than a bubble. That I made moſt 
uſe of, which weighd about 709 grains, being well ſtopp'd, with only air 
in it, would fink, by its own weight, in brandy, wine, water, Oc. And, 
if it were to be employ'd in liquors much more ponderous than water, as 
Aqua fortis, oil of tartar per deli quium, Cc. 'twas eaſy to fit it for them, alſo, 


by putting into ir a quantity of quick-ſilver, of a determinate weight, 


before it be ſtopp'd; which balaſt, when the operation is over, may be 
eaſily taken out, and kept a-part for the like uſes. i: 1 3789 
But, notwithſtanding all this, ſince glaſſes of a proper ſize, ſhape, and 
weight, fit for render balances, and furniſh'd with exact glaſs hopples 
are very difficult to procure; and fince the way itſelf is ſubjeC to ſome 

inconveniencies, it ſeems, in general, that this way of finding the weight 
of liquors in water, is inferior to the more ſimple ones, re recom- 


. 


me ed. ; . C 


Having now laid down the method of weighing one liquor in another, Thesſe dd 


_ Vantages of 


tis fir we ſubjoin ſome apphcation of it. 


none of the leaſt, that it gives him the ſpecific gravities of various liquors ; 


which may not only help to diſtinguiſh the genuine and good, from thße 


adulterate and decay d, but ſerve to other purpoſes/alfo. © Inftances here 
of are afforded by the juices of | herbs, and fruits; a determinate quan- 
tity of which, being firſt weigh'd in the hydroſtatical bucket; and ſome 
oil of turpentine poured ori it, we ſink it warily in the ſame liquor, whoſe 
ſpecific gravity to refined ſilver, or elear ock cryftal, is before hand care- 

ly regiftred : for thus ſubſtituting this il for common water; we may 
diſfover the ſpetifio gravity of * would mix with water. And, 

Xx 


Vol. II. by 


ſpirits: to which ma 
ble) that a glaſs ay 


» 


Ame, other advantages of hydroftatics, to a ſagacious phyſician, is lad 


* 


hy * 
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ae by this means, we may find, not only the difference in weight, between 
| che juices of plants of differing kinds, but, on ſome occaſions, obſerve how 
far the keeping of a juice, for ſome time, or the fermentation, or putrefaction 
| 1, will alter its ſpecific gravity. Other liquids, alſo, that are uſed 
in phyſic, but not ponderable in water, may, by this way, be examin'd ; 
as honey, vinegar, verjuice, Cc. And, by the ſame method, likewiſe, the 
JTpecific gravi the juices of fruits, may be difcover'd, and compared to- 
her. And hence a perſon of curioſity will, probably, be enabled to 
take notice of the differences produced in their ſpecific gravities, thro' their 
{everal ſucceſſive ftares, at ditterent times: Thus the juice of ripe grapes 
alters when newly preſs d; again, when it begins to ferment ; when it be- 
comes, new wine; When it has attain'd its full maturity, and perfection; 
and, laſtly, when it degenerates into prick'd wine, and abſolutely changes 
| into vinegar, or Vappa. - | 
Ml wiers ar- It may be here p to obviate an objection, that will, probably, be 
by of the ſame made againſt the _— hitherto deliver d, of finding a proportion in 
; weight, betwixt a ſinking body, and water of the ſame bulk. Naturaliſts 
ight alledge, that, by this method, we cannot diſcover the proportion 
een a ſolid body, and water in general; but only betwixt the pro- 
ſed body, and the particular water tis weigh in; uſe there may 
be a great diſparity between liquors that are call'd common water. Thus 
ſome traxellers tell us, that the water of the river Ganges is, by a fifth 
. part, lighter than ours - 2770 2 
Jo this plauſible objection, I anſwer, firſt, that having had opportu- 
nity to examine the weight of various waters, ſome of them taken up in 
laces very diſtant from one another, I found the difference between their 
| þ vities to be exceeding ſmall ; perhaps, not above the thouſandth 
art of the weight of either: nor did I find any conſiderable difference, 
een the weight of ſeveral waters of differing 95 ; as between ſpring- 
water, river- water, rain-water, and ſnow- water: tho' this laſt was ſome- 
** what lighter than any of the feſt. And having received water from the 
* +, river Ganges itſelf, I found it very little, if at all, lighter than ſome of 
aur common waters. 92 NN 
8 And, ſecondly, tis not neceſſary, that the proportion obtainable by our 
method, ſhould be mathematically exact: for, where we 
. are to deal with groſs matter, and employ material inſtruments, a phy- 
-- +» _ fical accuracy will ſuffice. | 
To diſcover the There is an uſe of hydroſtatics, which tho it do not directly tend to the 
oy, Arey examination of the Materia medica, may yet be ſerviceable, both to the 
dicely, _ phyſicianand the naturaliſt, in delivering deſcriptions thereof; and thereby 
Andirectly conduce to the know! of drugs; and help to diftinguifh be- 
tween genuine and adulterate fimples. "Tis known, that the writers upon 
the Materia medica, uſually ſer down the magnitude of the bodies they de- 
ſieribe, by very uncertain Fette and thoſe who aſſign them determinate 
_ meaſures, either do ir by ying, Juch a fruit, for example, is an inch, or 
tus inches long, and half an inch, or a whole one, broad: but, 2 
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ding tothis way of deſcribing bodies, there may, by reaſon of the great | Sraxies. . 


variety of figures they are capable of, be a very great difference in the 
dull of bodies, to each of which, the ſame length and breadth are ap- 
licable. F | | a l 
: I cauſed ſeveral cubes to be carefully made, by skilful artificers, of dif- 
ferent ſizes, and materials, whoſe ſides were each of them an exact inch, 
or a preciſe number of inches. 'Theſe cubes, being carefully weigh'd in 
exact balances, firft in air, and then in common water, we concluded, 
from the reſult of our ſeveral trials, that, without conſiderable error, u 
cubical inch of water might be ſuppoſed to weigh 256 grains. 
Suppoſe, then, for example, that a ſolid heavier in ſpecie than water, 
having been weigh d firſt in the air, be found in water to loſe 256 grains 
of its weight; the dimenſions of this ſolid, / if it were of a cubical 
ſhape, will equal a cubic inch; fo that if the given body be ſuppos d a 
metal ea fible, as tin, or lead, melted and pour'd into a hollow, 
metalline, cubic inch, and ſuffer'd to cool, it would exactly fill it. For a 
ſinking ſolid weighs leſs in water than in air, by the weight of an equal 
bulk of water. And, as a cubical inch of water weighs 256 grains, it fol- 
lows, that when the decreaſe of a body's weight in water, is 256 grains, 
the ſolid content of that body is a cubical inch; ſince a body of water, 
- weighing 256 grains, isequal in magnitude, as well to the folid, as to a 
cubic inch ofwater. | _ 
And here it may prevent a ſcruple, to obſerve, that to make bodies 
equal in magnitude, it is not neceflary that they ſhould be of the ſame 
22 or matter; as is evident in bullets of copper; tin, and gold, caſt 
in the ſame mould. For, tho they be all equal in bulk, yet the bullet 6f 


. more than twice as heavy as that of copper. Whenſoever, there 
e, 


will be much heavier than that of tin; and the bullet of pure 


a ſolid, ponderous h to ſink in water, loſes therein 256 grains 


of the weight it had in air; the magnitude, or bulk of that body, is equal 
to a cubical inch; of whatever matter it conſiſts, or, of what ſhape ſoever 
it be. And, in caſe the ſolid propoſed, loſes of its weight in the water, 
leſs than 256 grains; its bulk will be proportionably leſs than a cubical 
inch. Thus every 32 grains that the ſolid loſes of irs weight in the wa- 
ter, anſwers to an eighth of an inch in the bulk of the body: fo that if 
the decreaſe be 128 grains, the ſolid will be half a cubic” inch; and if 
but 64 grains, a quarterof acubic inch: on the other ſide, if the decreaſe of 
the given body, exceed the ſtandard, 256 grains, twice, thrice, Oc. the body 
will be equal to two, three, &c. cubical inches. 


- *Tis eaſy, from the doctrine deliver d, to diſcover, hydroſtatically, the 7; gais the ſo 

ſolid contents of a body, heavier in ſpecie; than water: but to meaſure, by lidiy of « body, 
the help, of water, the ſalidity of a body lighter in, ſecie than that fluid, , ere then 
is a work of more difficulty. In order to it, we may conſider there are water. 


two ſorts of bodies, which will not, naturally, fink in water ; ſome, bei 
cf a cloſer texture, reſiſting ir; and others abounding with 3 
diſpoſe them to imbibe the water.. | | 


XN x2 Now 


3 *. ws 


$4O The Hydroſtatical Bulaiic. 
Bran. -: Now: the weight of a body of the firſt Rind, may be gather'd from that 
ALAN of the water equal in magnitude to the' immerſed part of the body, when 
it floats freely thereon. Thus, if a parallelopipid, or a cylinder af wood 
kwelve inches long, placed upon water, ſhould reſt there when a twelfth 
part of it lies beneath the ſurface of the fluid; the weight of the water, 
equal in bulk to that immerſed: twelfth part, would be equal in weight 
to the whole body of the Wood. But becauſe the bodies, whoſe bulk phy- 
BFeians and, chymiſts may have occaſion to examine, will very ſeldom hap- 
en to have * figures; tis proper to add another method, more ſuita- 
ble to the preſent deſign. To meaſure then the ſolid contents of bodies 
Fpecifically lighter than water, but irregularly: ſhaped * ; the body muſt, 
"xſt, be Weigd d in air-. 2; A plate of lead, ;capable'of ſinking this body 
in Water, and of ſome round ſum in weight, ſhould be r 3. This 
plate being weigh d in water, and its weight therein ſubſtracted from its 
Weight in air, Will give the weight of as much water, as is equal in bulk 
to the immerſed lead; or the ſpecific weight of the lead in water. 4. The 
plate of lead, and the lighter body, muſt be tied together with horſe-hair, 
and the weight of the aggregate noted. 5. This aggregate muſt be weigh d 
In Water, and its weight therein ſubſtracted from that it had in air ; and 
the difference will give the ſpecific weight of the {aid aggregate in water. 
5. Frem this difference ub rack the 2 of the plate in water, 
and the remainder will give the weight of the lighter body in the ſame 
fluid. Then, laſtly; that weight of the light body in water being divided 
"by 256 ains, will give its ſolid enn 
1e dear and confirm this method by an example; we took a conve- 
nientiy ſhaped. piece of eak, chat weigh d in air 193 2 grains; to this we 
tied, Wich an horſe-hair, a plate of 1 juſt 240 grains. But. 
before we tied them 77 the lead was weigh'd- in water, where it 
lot of its 17 70 weight 20 grains; which, being deduted out. of the 

1240 grains, leſt a difference of 20%grains, for the ſpecific. weight 

1 TIN the water." Then the aggregate of the wood and: lead was weigh'd, 
Niſt in the air, and found 10 be 433 +grains, and next in water, where 
It amounted'byt to 162 grains; which being ſubſtracted from the aggregate 
of the ſame; bodies in air, the difference was 271 + grains; from which, 
the other difference of 20 grains of the leaden-plate in water being de- 
ducted, there remain d 254 T grains, for che weight of a bulk of water 
equal to that of the given piece of wood: | Now, H this number of grains 
ad amounted to 36, we might have concluded the ſolidity of the body 


There is 4 eaſy method of ob- N itional height given it by the 
Ahe Fbaini the Se os Ars meaſute, of | yoo bo marked on gh 1 85 this will 
eee d, tho ever ſo irregularly figured. | enable us to 'meaſiire « part of the whole 
For, fince ſuch a body, immerſed in a | cylinder or priſm, equal in bulk to the 

fluid. herein it will not diſſolve, | cauſes |-irregular * And thus may the ſolid 

that fluid to riſe. in direct proportion to ] content of ſtatues, carvd or emboſs'd 
the bulk immerſed ; if the fluid be con- | work, &c. be known. IN | 
Ain d in a cylindrical or priſmatic veſſel, ) ny | 
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to be à cubic inch; fince 256 grains of water, which we formerly 
equal to a cubic inch of water, was alſo now found equal to the bulk 
2 3 iece of wood. And having cauſed the wood: I employ d 
to be =} into a cubic inch ; the difference of its weight in water 
from 256 grains, may, probably, be imputed to ſome little imperfe&ion in 
the figure, or other like circumſtance. © Firſt, then, the cube of oak in 
air, weigh'd 193 4 grains. 2. The lead in air, 240 grains. 3. The lead 


in water, 220 grains; which, ſubſtracted from its weight in air, leaves 
ate of the two 


for its ſpecific weight in water, 20 grains. 4. The a 
in air, 433 + grains. . The weight of both together in water, 162 
grains; which, ſubſtracted from the ſum of their weight in air, gives the 
Arens of the two ſeveral aggregates, 271 + grains. 6. The difference 


between the weight of the lead in air, and in water, 20 grains; which, 


ſubſtracted from the difference of the weights of the aggregates in air, and 
in water, gives for the weight of the propoſed cube 251 + grains. 
This way of meaſuring bodies is appropriated to ſuch of them as will 
not readily diſſolve in water. But, becauſe there are many other ſolids, 
as ſalt, alum, vitriol, ſugar, c. whoſe magnitudes it may often be p 
to know, and — ; I ſhall add, that the ſame method is applicable, 
alſo, to ſolids diſſoluble in water, if, inftead of that fluid, be ſubſtituted 


dil of — whoſe proportion of ſpecific gravity to water, is other- 


wiſe known. To diſcover this, I employ'd the hollow cubic inch of braſs, 
made uſe of to find the weight of a cubic inch of water; and found, that, 
when carefully filled, it contained 221 + grains of this oil: by which num 
ber, the difference of the weight of a folid in the air, and in that oil, being 
divided, the quotient will give the ſolid contents of the body to be ex- 


Let us now conſider how ſuch bodies as, by their proviley; are ſubject 
to imbibe too much of the liquor, while: the experiment is in hand. : - - 
-  Merſennus's expedient, in this caſe, is to cover the body to be weightd in 
water, with wax, pitch, or ſome other glue, of a known ſpecific wei 
in water. But I prefer bees-wax for this purpoſe ; and proceed with it 
in the following manner. The ſolid which is hghter than water, having 
been firſt weigh'd in air, over-lay it with thin bees-wax 5 then 
take, alſo, in the air, the weight of the wax employ'd and faſten to the 
body thus coated, a plate of lead, or tin, heavy enough to fink it; and ob- 
ſerve the weight of the aggregate in water. This done, ſubſtract the 
rus 1 as is equal in bulk to the wax, and proceed as is 
re taught. | * |; | 1+W+s5/< 79+ 
But this method helps us only to the weight of the p body. in 
vater; to diſcover its ſolid content, we muſt divide the weight of the ſolid 
in water, by 256 grains. * 22NT9t oidergomon oor ob n 
And, by the way, I have, ſometimes, made uſe of another expedient to 
hinder ſmall ſolids, whether lighter or heavier in ſpecie than water, from 
imbibing the liquor wherein they were weigh : for having firſt found' the 
weight of a cubic inch of quick-ſilver; We placed the body to * 
_ luxe 


z 


\ 


found Srarrct 


- 


be Ejdrofatical Blanc. 


Sranc. fured, in a veſſel, whoſe ſolid contents were known before-hand; when, 
REY tel 8 that remain d unpoſſeſſed by the firm body being fill'd. with quick- 


2 
in 2 
aner iments. 


R 4 put an end to this diſco 


to know, by the difference in weight of that quick- 

five? Grom! the-wuighnob the quick-ſilver requiſite to fill the whole veſſel, 

hs ee brook Kee firs ſurrounded body. And, by this 

means, and the know re gain d of the weight of a cubical — of 
mercury, — imminent of the body en . ur was eaſily obtain d. 

tis proper to ſnew what credit 

ven to the eſtimates of the weights and proportions of bodies 

obrain'd ba by dy hydroſtatical trials; becauſe mathematicians, either not know- 

ing, or not ap lying our obſervation about the ſpecific. gravity of rock- 

and the nature of oil of turpentine, have given us very diffe- 

rent accounts of the roportions of metals, and a very few other familiar 

bodies, which are all they ſeem d to have examin'd by this method. 

And, indeed, I ſhould. not be ſurprized to find, that the experiments 
-of the fame perſon, made at diſtant times, and under different circum- 
ſtances, diſagreed ; for ſome difference there may be betwixt the waters em- 
pln chi oe; perl y if the air be at one time intenſely hot, and at 

The difference, alſo, of degrees in — of the 
ee in in nice experiments, is not altogether inconſiderable. But a 
greater hindrance to the accuracy of hydroſtatical ents, is the diſſi- 
culty of finding an exact — in weights of the fa me den | 
which are vulgarly ſuppoſed to be exactly — I have — — ſo 
ractice to procure, and keep weights as exact as I deſired, that I 
have left n of it; for the very air may, in time, cauſe an alte 
ration in them. And tho the accurate Ghetaldus's tables of the weight of 
metals, and ſome other bodies, in reſpeCt to one another, are look'd upon as 
the moſt authentic that have been publiſh'd ; and are, accordingly, the moſt 
made uſe of; yet tis certain, the weights he employ'd. are not divided as 
ours are. For tho, according to him, as well as with us, the ounce con- 
ſits of four aug twenty ſcruples ; yetthe-ſcruple, which with us is divided 
bur into twenty grains, he divides into — Kee But tho' hydroſta- 
tical experiments are not, always, either ſingly accurate, or — = 
able to one another; they prove accurate h to be very 
practice, and more exact than any Saeed bitheat in — of 
the proportions of bodies, in point of weight and bulk, and 
be cas. their: ſolid contents; but, eſpecially, ſuch little ones as are 
neceſſary examined in the Materia medica. And this is a corollary 
from the whole of what we have deliver'd. 
| indeed, as little as my Kill is in by droſtatics, I would not be 
e it, for à very valuable conſideration; for it has 
already done me acceptable ſervice, and on a vaſt variety of occaſions; 
ally in the examination of metals and mineral — and of ſe- 
vesal chymical productions. I have often been able, by its means, to 
undeceive artiſts in their perſuaſioa of poſſeſſing Luna fixa, and other 
valuable commodities; and to make a judgment, as 9 


orul 


The. Hy, Ir Batical Bal ICE. 


or falſity, and as to the degrees of worth or Rrengeh of many rich and Srames 


metalline mixtures, and other bodies, both ſolid and fltnd ; whoſe 
Fir ap nces might, otherwiſe, have greatly deceived me. | 
And, to ſhew ſome curious perſons how far hydroftatics might be ſer- 
viceable to as accurate menſurations as need be expected in phyſical expe- 
riments; I deſired a virtuoſo to mix tin and lead in a certain proportion, 
unknown to me; and melt them into one maſs ; which I carefully weigh d 
in water, and alſo examined it 4 and from hence aſſign d the 
reſpective quantities of each; which agreed, within little more than à grain, 
with thoſe he had committed to paper, before he mixed them. And 
this ſmall difference, probably, proceeded from ſome ſcarce avoidable in- 
accuracies in melting and managing the given bodies. 
To conclude ; tis not to be expected, that the fpecific gravities of the 
bodies mention'd in the following table, ſhall, all of them, be found, in fa- 
ture tryals, preciſely the ſame as we there exhibit them. For, beſides. 
that experiments are made by perſons of different qualifications, with dif- 
ferent degrees of care, and with different inſtruments; * the varieties may 
roceed a difference in the texture and compactneſs that may be 
Fund in ſeveral bodies of the ſame kind. For, neither nature, nor. 
art, give to all the productions of the ſame name, a mathematical pre- 
ciſeneſs, either in gravity, or other qualities. 
* Dr. err it, as aneceſ- | tract the air out of the body; which will 
2 to all thoſe who ſhall at- 4 — the better if — be firſt 
tempt to weigh dry, porous ſolids in wa- | heated over the fire : or, in defe& of an 


ter, for philoſophical purpoſes, that, by | air-pump, he directs us to let the ſolid, if 


ſome means, t firſt extricate | its texture will ſafely permit, continue for 


the air out of all the ſmell pores and ca- ſome time in boiling-water, over the fire.. 


vities of them; whereby the water. may | To . of this obſervation, the Doc- 
have free liberty to enter thereat : other | tor thinks, among 

wiſe, the air contain'd therein, by keep- | that difference found in the accounts 

ing the water out, will render ſolid | the ſpecific gravity of the Calculi bumani. 
lighter in water than it really is. The | And when the air is thus extracted out of 


beft way of avoiding this inconvenience, | wood, as oak, fir, &fc, and the roots, ſtalks, . 


the or tells us, 1s to ſer the veſſel of | leaves, and ſeeds of vegetables, they prove 
water, wherein the ſolid is immerſed, un- ſpecifically heavier. than water. 2 
der the receiver of an air pump, and ex - Tra. Ne. 369. p. 223. | 


other things, is owing- 
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Another 


Lead-ore — 


Manganeſe, 
Marcaſite - 
2 2 . 

Another more ſhining chan ordinary 
— — — 


oer fiver, choice from Saxony — 


C—_— 


a piece — 


Vieriol, Engl 
Vitrum 
Unicorn's horn, a piece 


9 


7% — — 


Later trials have furniſh'd us with 
the following table of the ſpecific gravi- 


Tne gold, — 19, 6 
SP — — — 
2 ſilver 14,000 
— 1,325 
Fine Silver I 1,091 
Standard-filyer ——=—— —— 10,53 5 | 
Biſmuth 9,700 | 
— —— = 9,000 

Vor. 


Another piece from Cumberland, rich rich 


1872 

321 230 
814 631 
243 189 
287 227 
1439 129 
458 366 


1857 


4 Bodies. 
Caſt braſs 


1238 3 
, 4* 419 | 955 
812 613 4.8 
. 1293 884 418 
2893 $314 . $ 
104 833 5 
1093 $12 1.88 
3575s 22 [ 4-76 
407 195 1.91. 
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Hydroftrical Diſcourſe, 
© By way of 


\ 


Ae; to the Objedtions of Dr. MORE, ave 
others, againſ# ſome Explanations . particular 
Experiments: 


With forte nfo there. 


is. ee ee at bir te rt * 


— 


SECT. I. 
Inding 10, cauſe wo alter my judgment, as to-the  ſolurions 1 have Nr 


1 of ſome of = experiments, attack d by Dr. More; I — what 7 


Aud, ff. c . op his ee 34 

the Doctor having made a deſcription my pneumatic engine 
os that the aſcent of of the fucker, aire 1 it is eſs d, and clogg'd | 
with a weight, is not mechanically accounted for, by the gravity and preſ- 
ſure of the atmoſphere ; becauſe, ſays he, if this ſolution were ally 
mechanical, he mk hve aſign' the true mechanical cauſe of the gravity 
* of all the parts, and of the whole armoſphere.” 

To this J anſwer, that in deliverin iments aboue the eſſects of 
the air, I did not intend to write a whole Gi , or To much as the ele- 
ments of natural philoſophy ; but having ſu ciently prov'd, that the air we 
hve in, is not deſtitute of weight, — has an elaſtic power; I endea- 
vour'd, by thoſe two principles, to explain the phenomena exhibited in our 
engine; without recourſe to a Fuga vacui, an Anima mundi, or any ſuch un- 
philoſophical principle. And fince ſach kinds of explanations have; of 1a 
generally been calld, mechanical, as being grounded the laws 
mechanics, I thought, as I permit, ſo I migtt be allow d, the uſe of that... 
term; and to entitle my explanations, mechanical, in the uſual ſenſe of © 
that expreſſion. I am not obliged to treat of the cauſe of gravity in ge- 
neral, mee many propels Archimedes, e any Ve gas have 

COP WOW . - written: 


348 An Hydroftatical Diſcourſe. . 
* + Sravics. written of ſtatics, are confeſs'd to be mathematically, or mechanically de- 
LYN monſtrated ; tho' thoſe authors do not aſſign the true cauſe of gravity,” bur 

fake it for granted, as a thing univerſally acknowledg'd. And, if in each 
ſcale, of an ordinary balance, a pound weight, for inftance, be put ; he 

+ - who ſhall ſay, that the ſcales hangin equilibrium, becauſe the equal weights 

balance one another; and, in caſe an ounce be added to one of the ſcales, 
and not to the oppoſite, he whe-ſhall ſay, that the former is depreſs'd, be- 
cauſe urg'd by a greater weight than the other, will be thought to have 
given a mechanical explanation of the equilibrium of the ſcales, and their 
— tho* he cannot give a true cauſe why either of thoſe ſcales tends to- 
wards the center of the earth. Since, then: to aſſign the true cauſe of gravity, 
is not required, even in ſtatics, tho one of the principal, and moſt known 
ou of mechanics; why, may not other propoſitions, and accounts, that 
Iuppoſe gravity in the air, and prove it too, be lock d on as mecha- 
ict ? * 9 * Noi 4 IR, „6% RNS il 3 aas 
The Doctor, however, is pleas d to grant me almoſt as much . as I need de- 
ſire, as to the truth of the 755 whereon my explanations are found- 
ed. Theprincipal thing which ſuppoſe, in my hydroftatical writings, is, that 
in water, tho the upper 1 2 upon the lower; 
or preſs upon them, even when K do not ſenſibly depreſs them. This 
e rinciples of the mechanical 
p ophy : and, accordingly, having ſhew'd, thatin a ſuſpended tube of 
water, the whole liquor L upon the bottom of it; and, conſe- 
quently; that all the parts thereof do To, the upper upon the lower, provi- 
ded” ſays he there be no immaterial principle in nature.” - - + 
Now, Las freely, as the Doctor himſelf, aſſert an i Being, that 
made and governs the world. All that I have ow 4 a, in 3 2 
ing what inanimate bodies, is to ſhew, that ſuppoſing t 
wy) to n made, and to be continually . by 
God's divine power and wiſdom; and ſu poſing his general concourſe to 
the maintenance of the laws he has eſtabl; d in it; the phenomena I 
+ conſider, may be ſoly'd mechanically; that is, by the mechanical proper- 
ties of matter ; without recourſe to nature's abhorrence of a vacuum, to 
ſubſtantial forms, or to other incorporeal creatures. And, therefore, if 1 
have ſhewn, that the phenomena, I attempted. to ſolve, are explicable by 
the motion, magnitude, gravity, ſhape, and other mechanical affections of 
the ſmall parts of liquors; I have done what I pretended : which was not 
to prove, that no angel, or other immaterial creature, could interpoſe in 
- theſe caſes ; for, concerning ſuch agents, all that I need ſay, is, that, in 
the caſes: propoſed, we want not their aſſiſtance; and, —— have no 
occaſion to engen em ee nod witero 
That the 2 But the Doctor, it ſeems, would have the gravitation ofthe elements, in their 
proper places, ſuſpended by an — — and hereto he is led 
| "of nn by this A he ſays, is moſt mani repugnant to our 
© 8. He conceives, then, that in a bucket of water, with a per- 


experiment, whi 
2 cylindrical cavity, whoe di ameteri s of 62 parts, there is — 
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rept. at the 


diameter amounts but to 61 of thoſe parts; and that as ſoon as ever 


© which,” ſays he is impoſſible, if all the parts of the water, did not only 
5 . F the veſſel, but each preſs d the other directly 
« downwards.” - © - rights 

But, firft, ſince according to his computation, the area of the interval 
between the ſides of the veſſel, and the edges of the round board, is 123 
of ſuch parts, whereof the area of the board amounts to 3721 ; tis evi- 
dent, that there muſt be room enough ſor the water to paſs between the 
1 veſſel, and the edges of the board; which is ſuppoſed, on all 


, to be of ſome wood lighter in ſpecie than water, ſince elſe it would 


not riſe, upon with- drawing the ftick. 


-. Secondly, this round board is not ſuppos d to be made exactly fit to 


the bottom of the veſſel, and, conſequently, the water may Fo in between 
them; for which reaſon, tis neceſſary to keep the piece of wood. forcibly 
down with a ſtick; which were, otherwiſe, needleſs ; and, conſequently, 
this 1 water, will communicate with the upper, along the ſides 


means of that interpoſed, exerciſe its preſſure upwards, againſt the low- 
l e ry rar vi . er to be parallel 

| Ys r an imaginary p water to be parallel to 
the bottom of the veſſel, and to . b bottom of the board; ſo 
that of the water that lies between this plane, and the bottom of the 
veſſel, one is cover d 1 — iece of wood ; and the other, between 
the edges of that, and the of the backer. 15 cover'd with the incbmy- 
bent water only. S | 

Now, tis manifeſt, that in water, thoſe parts which are moſt preſs'd, 
vill thruſt out of their place, thoſe that are leſs preſs d. *Tis alſo evident, 
that the part of the imaginary plane, cover d by the round piece of wood, 
. muſt be preſs'd by a leſs weight than the other part of the ſame plane; 
_ becauſe the wood being, bulk for bulk, lighter than water, the aggregate 
.of the wood and water, incumbent on the cover'd part of the ſame plane, 
. muſt be lighter in ſpecie, than the water alone, that is incumbent on the un- 


cover d part of the ſame plane; and, conſequently, this uncover'd part be- 


ing more preſs d than the other part of the plane, the heavier muſt diſplace 
the lighter ; which it cannot do, but by thruſting up the board; as it does 
when the external force that kept it , is removed. And this great- 


er preſſure againſt the botrom, than againft the rop of bodies immers'd. 


in water, ſpecifically heavier than themſelves, is a true reaſon of their 
emerſion. 


der, conſiſting of the wooden plate, and all the water directly incum 

on it, were put into an ordinary balance; it would, there greatly out- 
. weigh the hollow cylinder of water alone, that reſts upon the uncover d 
part of the imaginary plane. And this is what ſeems to have deceiv d th 


bo ttom, by means of a ſtick, a round piece of wood, whos 


; which latter may, according to the laws of hydroftatics, by 


'Tis true, that according tothe Dodtor's computation, if the ſolid eylin- 


CID 
ſtick is remov'd, the piece of w will emerge to the top, and float 
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— 


depends not ſo much u 
* Won their” 1 we ty: ſpecific gravity; on account whereof, a ſmall 


An Hydroſtatical Diſcqur 
Doctor. But there 9 2 | e wk the phenomenon 
abſdlute weight'of the compared bodies, as 


ds for e, that weighs not a quarter of an ounce, will readily 
ink to the bottom of a river, on whoſe — a log of a hundred pound 
weight will float. Tis a rule in hydroſtatics, that when two portions of 
Water, or any other homogeneous liquor, preſs againſt each other; the 
prevalency wil go, not according to the, abſolute weight, but the perpendi- 

cular height of thoſe ions. And, accordingly, we find, that if a 
Nender pipe of glaſs, being fill'd with water, have its lower orifice un- 
topp d at che bottom of a, veſſel of water, which contains much more of 
Fas liquor than the pipe; yet if the water in the tube were, for inſtance 

t 7 2 and that in che veſſel but one; the water in the pipe will 
readily ſubſide, till it comes almoſt to a level with the external water; 
hy 5 do ſo, without raiſing the whole maſs of water ſtagnant in 

8 7 | | | yy 


n We dock an open-month'd glaſs, or jar, three inches and a half in diame- 


ien, 


Water, as it ought; a 


*ex, and ſomewhat lefs in depth, its cavity being cylindripal; into this, 

having put ſome water to cover the protuberance that is left at the bottom 

of ſuch glaſſes, we tbok a convenient quantity of bees-wax, and — | 
n 


juſt melted it, we poti d it cautiouſly into the glaſs, warm'd before-ha 


to prevent its cracking, till it reach d to a convenient 5 5 This veſſel, 
and the contain d liquors, we ſet aſide to cool, that the wax might ſhrink 


From the glaſs, and, conſequently, have a little interval every where between 


the concave ſuperficies of the veſſel, and convex of the hardned wax; when, 
carefully. pouring ſome water between the glaſs and the wax, ſo that it 
fill'd all the interval left between thoſe two bodies, both at the bottom and 
the ſides, the wax was made preſently to float; being viſibly rais'd up 
from the bottom, and its upper part appearing a little above the level of the 
t, ACCO to the true principles of hydroſtatics. For wa- 
ter, being ſomewhat heavier, in Jſpecie, than wax, and that which was 
poured into the bottom, and ſtagnated there, being preſs'd by the collateral 
water, every way interpoſed berween the concave part of the glaſs, and con- 
ver of the wax; (ſo that this collateral liquor anſwer d what I call a hollow 
cylinder of water, in the Doctors experiment) that part of the ſtagnant wa- 
ter which was preſs d upon by the wax, being leſs preſs'd than the other part 
of the Tame ſtagnant water was by the water incumbent on it; this latter 
muſt difplace the former; which it could not do, but by raiſing up the wax 
that reſted upon it: yet this collateral water was ſo far from * 4 heavier 
chan the wax impelld up by its preſſure, that both the collateral and the 
Aagnant water together, being weigh'd, amounted to little above a fourth of 
the weight of the wax; which happen d by reaſon of the narrowneſs of the 
veſſel: but if it had been wider, the experiment, I doubt not, would have 
ſucceeded, tho the wax had out-weigh'd the collateral water ten times 


more than in our experiment it did. But, that the ſolid body exceeded al- 
de Reged 


ant li- 


whereof w p 
water, as as the veſſel would contain any; the cylinder of wax was, 
indeed, lifted higher and higher from the bottom of the glaſs, but did not 
appear rais d more than at the firſt, above the upper — — 
which argues, that it was not at all the quantity of the lower water that 
continually increaſed; but the preſſure of the collateral water, which conti- 
nued ſtill at the ſame height, with reſpect ro the wax, that caus'd the ele- 
vation of the body. | e eee 
And, to maniteſt yet more clearly the Doctor's miſtake, I deviſed the 
following experiment. We took a round plate of lead, about the thick- 
neſs of a ſhilling ; and having ſtuck it faſt to the bottom of, the cylinder of 
wax, we ſucceſſively placed upon the upper part of the wax, ſeveral 
grain- weights, till the wax ſubſided to the bottom: by this means, the 
glaſs being, at firſt, almoſt fill'd. with water, there ſwam about an inch 
of that liquor above the upper ſurface of the wax. And; laſtly, we took 
off, by degrees, the grain-weights that we had added, till we ſaw the wax, 
notwithſtanding the adhering lead, riſe, by degrees, to the top of the 
water; above which, ſome part of it was, viſibly, extant. n 
From this experiment I „ that, according to the Doctor's ſuppo- 
tion, here was incumbent on the wax, a cylinder of an inch in height, and 
of the ſame diameter, or breadth, with the round ſurface of the wax; 
but, upon the removing part of the water that lay at the bottom, when 
the wax began to riſe, there was incumbent no greater a weight than that of 
the collateral water; and as much of the upper and ſtagnant, as was di- 


rectly incumbent upon that collateral water. But now, according to the 


Doctor's reaſoning, this cylinder of water incumbent on the wax, | 
inch deep, and above three inches broad, it muſt preſs. the wax with a far 
zreater weight than that which the lateral, and hollow cylinder of this 
water, could exert upon the reſt of the collateral water; yet the 
height of this aggregate of collateraLwater, being the ſame with that of 
the wax, and the water 1 it; the — of the preſſure 
was ſo ſmall, that, barely taking off a wei 


of four or five grains, the 


wax would, notwithſtanding the preſſure of the water, incumbent on it, be 
impell d up, and made to float; and, by the like 75 2 on again, 
removal of ſu 


it would be made © ey 10Va 3 
would, tho' ſlowly, re-aſeend. And this phenomenon depends fo, much 
upon a mechanical balance of preſſure, that even four grains would not 
have been neceſſary to make the wax riſe or fink, were it not for ſome 
little accidental impediments, that are eaſily met with in ſuch narrow 
glaſſes; for, otherwiſe, in a larger veſſel, we have made the ſame lump of 
enen 
or . 2 | rye: " 
Hence it appears, that, for the regulation of hydroftarical phenomena, 
nature has her balance too, as well as art; nh wg m bs belies of 
nature, the ſtatical laws are nicely obſerv d. N one 


* 
\ 


was 
terogeneous bom begin t bot be able to cho-anciber in ©. This 
Vi near one end, ee upwards, ike 155 that it might have 
leg parallel to the longer; into this crooked pipe we put a little 
ai, and held it perpendicularly in a W glaſs, fill'd 
With water, and a lump of wax, of the bi d and ſhape of that before 
mention d; ſo that the preſſure of the incumbent water upon the open ori- 
fice of the ſhorter leg, might __ the oil into the longer, was Ley alt 


ies of the Warr in Sis Feld. pipe being being thus held up 2 
och tl es, by ak fd ourlide, co what heig 
mit. 


Nor, if we conceive a horizontal plane, parallel to the e 
veſſel, to paſs * the baſis of the Rog wa tis evident, that, of this 
imaginary plane, the part on which the wax reſts, is as ſtrongly preſs d by 
the weight of the wax, as the lateral part of the ſame plane ii by the 
weight of the water incumbent on it; and, conſequently, that part of this 
plane, which. is placed directly over the orifice of the ſhorter leg of the 

pipe, is no more preſs'd, 2 — pond ſame, 

lane cover d by the wax. This body, being taken out of the water, the 


liquor fubſided a he reid and ſo did, proportionably, 
the oil in the ee ofthe pipe. A And, laſtly, having weig + | — 

water as we found the wax to amount to; chis liquor was, inſtead of the 
wax, pour d into that which. remain d in the glaſs: w whereupon, the oil in 
the longer leg of the pip was again impell'd up to the former mark, to 
which the wax had rais'd it. 3 wok may Px har that the water newly 
in, cho, in the air, it no more than the wax did, yet preſs d 


N that lay beneath the ad — —. Ard and, conſequent- 


, that which was direRtly over the ſhorter | ipe, as much as the 
ax before had done. And, fince we have — that the wax 
conſiderably preſs'd that plane; ewe hve aud prop that the water did, 


like manner, preſs that plane: and, conſequently, that water ma - 
e 8 as well 20 Kidd body, ach as E | 7 
that plaufible' miſtake, which has long deluded . both 

lord i mathematicians, ho think a does not actually gra- 
vitate, when it does nor deſcend; we have ſeen, that the immerſed * 


and the braſs-giains which lie on it, actually preſs, or gravitate, 
Lubjacent water, and bottom of the veſſel, on hich.” ys As pacury 


.conſequen . its preſſure, not being ſurmounted by that of the wel 
Water, ich is unable to raiſe it, muſt be as rears that of this collateral 
vater. Therefore, when, upon the removal ef a ſingle grain, the wax, 

with its incumbent weight, is made to aſcend, — that but very ſi 
tis evident, that *twas ſo far from not gravitating before, becauſe it did 

not actually deſcend; that it retain d its gravity even whilſt it aſcended; as 
ay appear, not only by the fdowneſs df its motion upwards, * 
om 


3 


eee — 
1 Srartds. 


Mu (1 2 
from its Vein in narure's ſeale very Actle leſs heavy, than it need. ba, 
to balance" the Prefſüre of the collateral water; but by this alſo, that YN 
if but a Uingle grain be laid on, hen it ins to riſe, its aſcent will be 
check'd, and hinder'd ; which could not be done by the addition of ſo in- 
confidcrable 4 weight, "if che wax, and the e metal, — 2 
during their 8 retain, their former gravity ; tho 
as ro rhe act of cet ng or ſo much as keep! jig ee 2 
prevailing prefſuxe of the collateral water. S0 t , lince the wax, a 
adhering meral amounted to confiderably above — thouſand. grains 3 i 
did, in the balance of nature, . whilft aſcending, not ſo much as 4 
four thouſandth part leſs than it di Wet it was actually deſcending: 

Upon the whole, then, Dr. More, had he throughly conlider'd- the, . 
ter, needed not have concluded the account of his experiment, as he does, 
by ſaying, << this is ſo evident a demonſtration againſt the R E . 
parts of water downwards ; that unleſs it prove true, I ſhall never a 
ſent to any reaſoning of my own, for the future, nor to At. of any other 
* n But, I hope, he will conßder, as well as I, — 2 
man ar Fees ery hay Py in other parts of learning, ho bas had the 
fortune to miſtake in 8 a ſcience which very s w ſcholars. have 
been at all vers'd in. | of 
As fox the laſt experiment my, hydroftatical al paradoxes the | Doctor Water male to 
ſeems to ſuſpect the r b greater 
from his bylarchic principle, and intexpolition ang, the valve of the inſtru- Fe gravity 
ment; but what conliderable intereſt the Imaginary retraction of the valve, 
or the. air itſelf, can have in this phenomenon, I confeſs I do dot diſcern : 
for, L think, the experiment would ſucceed, when ay'd in van, ths! ah 
the atmoſpherical air were annihilated. 
"However, to avoid. all miſtakes, and diſpures, chat may exif, on ac- 
count of the . employ d in pur experiment ; * r uick-ſiver, 
being, by ſuction, PA 6 into a ver glaſs c 
fice was ſtopp d with the ger to keep the mercury from \ Gllingout; we 4 
thruſt the open end of th e pipe, With, the mercury in it, into 4 deep 
glaſs of water, till the Bale cylinder of mercury had, beneath the ſurface 
of the water, attain 'd 2 a depth, at leaſt fourteen times as great as the 
height of the mercurial cylinder, when, the finger being removed from 
the upper orifice, the glnſs-pipe; n n at bath ends, and nothiri 
can hinder the Fre aer from falling bottom, but the reſiſtanoe 
the cylinder of water that is 1 — it; e cylinder can reſiſt but hy 
virthe of the weight, or preſſure, of the ſtagnant water aboye it, xho but 
callaterally placed: yet this water being, by the pipe, whoſe upper part is 
higher than the ſurface of that, and acceſſible only to the air, kept — reſ- 
ſing againſt the mercury any where but at the botretn: f de- 
—— —5.—. of an equal bull mera yi 
is able, at _ depth, to ma ke the ſubjacent water preſs upward agdinf 2 
the mercury, wh is bur 8 ber ee bigh 5 rho deen er. 
. a fokte equal to thar of ds wherewith the — 
on- 


. Ee 4 Fafa that this NE. depends merely 
The ws A two liquors ; if you gently raiſe the lower end 
vw; LN | towards the ſurface f the water, this liquor, being not then 


451 to exerciſe Tuch a preſſure as it could at a greater de I i the mercury 
erating, will fall out to the bottom of the tube. But if, when the 
filyer-is at the firſt depth, inſtead of railing the pipe; you thruſt | it 
farther E25 water ; the preſſure of 8815 liquor againft the mer- 
a increaling with its depth, will nor only ſuſtain oh mercury, but im- 
it up in the pi Ws a conliderable diſtance from the lower orifice, and 
it About the Tame” diſtance from the ſurface of the water, which is 
dre above it And this experiment may not only ſerve ſor the pur- 
neh I here alledge it; but,” alſo, if duly conſider d, and ap- 

Br: ;"very much illuſtrate” and confirm the explanation, formerly given, 
che 2. ſpontaneous aſcent of the clogg'd ſucker in our exhauſted 
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air 
The caſe of d. Ihr id 4 dtgarhiie which the Doctor u s againſt the gravitation of 
d h map. Water, in its proper place, as they ke yer is deduced from what happens to 
the w- divers, ho, in the midft of the Tea, tho? ſalt-water be th heayier than 
A treſh;/:do not find themſelves compreſſed by the vaſt load of the incumbent 
r water. 32.4 

Bur if cblerrations . diving were r, b . ophers, and mathe- 
ba . . maticians, or, at leaſt, by intelligent men; o not ogy, 104 

— Ch rage of i — very different from the Sac ard A learned 
1 0 acquaint ance, diving leiſurely, perceived a Senken 

a "of is thor, — the — ro 3 . $9 1 
A Spaniſh in Americ t In, ans, 
| employ. by — inhuman hm + in fiſhing for N tells us, it is 
poſſible that men ſhould live for any long ſeaſon under the water, 
4 — taking breath; ſo that they die commonly thro* vomiting blood, 
E. and of the hlody H And a general of the Engliſh in the Eaſi- Indies, 
ſent on an embaſſy —— emperor of Japan, ſpeaks thus 7 ſome female-divers 
he mer with in his voy — the coaſt; and ſo up to Ozaca,” ſays 
he, we found — ved, with their houſhold and Kani in 
3 boats upon the water. Theſe women, he ſays, would catch fiſh by di- 
pe > which —— miſſed by net and line, and that in cight fathoms depth, 
— grow gas red as blood; whereby a 
eg dee m all others.“ However, the reaſon 
"iy 0 — is rr way d by diving, ſeems, in my opinion, owing to 
= ike e fluid, and the robuſt e a 

© — 110 363 Wal 23 gifto 22011292 

| hangin; wy in, ith if foil 
proceeds from the motion of the parts of 
animals; fluids will not damage the ani- 


mals immerſed therein, nor excite. any 


* in n them, farther than as their 
bodies 


, 5 will not, change the 
eee ante co 
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An Hydroftatical Diſcourſe. 


* 'The ſwims of ſmaller fiſh appear very unable to reſiſt oompreſſure, being 


355 | 


STATICS- 
much more thin and delicate to the eye, than a piece of fine Venice paper; N hd 


yet having cauſed one of theſe bladders, above an inch in lengrh, and pro- „AA, 


jonably wide, to be taken out of a roach, and anoint 
— it 2 and preſerve it from being pierced, or ſoſten d, by t 
water; and having, by a weight of lead, nid to the neck of it, let it 
don to the bottom of a cylindrical tube of water, ſealed at one end, and 
made large, and about fiſty-ſix inches long; we could not perceive that, 
by the en of all the incumbent water, it was manifeſtly compreſs d, 
or that it diſcover'd the leaſt wrinkle, or other depreſſion of that very thin 
membrane, tho fill d but with air. And this trial was made more than 
once with the ſame ſucceſs, Yet that this proceeded rather from the 
ſtrength of the bladder, that was able to reſiſt the weight of a taller pillar 
of water, than from the levity of water in the upper part of the tube on 
that in the lower, we ſhew'd, by preſently letting down a mercurial gage, 
by a ftring, to the bottom of a tube: for the weight of the incumbent water 
forced up ſome of the mercury out of the open leg of the ſyphon into the 
ſeal'd one; and, conſequently, compreſs'd the air included there: and the 
uncompreſſed air, being three inches and + in length, we judged it, at the 
bottom of the tube, to be about + impell'd} up by the intruſion of the 
joys» And, to ſatisfy myſelf, and: others, that if the incumbent wa- 
ter been heavy enough, it would, viſibly, have aſſected the bladder, 
in ſpite of any Principium hylarchicum ; we ſunk it in a cryſtal glaſs, that 
had a long cylindrical neck, and was exactly fitted with a ;-then a 
competent quantity of air being left above the water, the ſtopple was warily, 
and by ces, thruſt down; and ſo, leſſening the capacity of the glaſs, 
compreſſed the air that was next it, and, by the intervention of that, the 
water under it. And tho' there did not, upon a {light compreſſion of the 
outward- air, appear any ſenſible eſſect upon the bladder that was at the 
bottom of the water; yet, upon a farther intruſion of the topple, the-preſ- 
ſure wats, Fug weep the immerſed bladder diſcover d two-conſiderably. 
deep wrin that preſently diſappear'd upon drawing e ſtopple; 
which, being thruſt in again, the depreſſions were again to 
ſwim. And, having convey d a mercurial gage into the ſame glaſs, we 
eſtimated, by the condenſation of the air in the ſeal d leg of it, that the 
bladder had been expoſed to a preſſure equal to that of a column of about 
forty feet of water. 0 Wy 70 OHA, © 

his may leſſen our wonder, that bodies, of ſo firm a texture as thoſe. 
of luſty men, ſupport the preſſure of the water at ſuch depths as divers 


uſually remain; ſince we ſee what reſiſtance can be made by ſo exceeding 


Wor 30 1 8 RU 4) 0 HH B 001 Wi 5209 D 
bodies may be condenſed by compreſſure. | contained in a bladder, way 
Newton, Princip. p. 264, 265. And Borelli, | ly compreſſed, can neither be contracted, 
having ſhewn, that a quantity of ſand, | bent, or otherwiſe diſtorted; hence de- 
contain'd in & very bard or rigid veſſel, | duces the reaſon why divers are not ſen- 
cannot poſſibly be divided, or entred, by a | ſible of the preſſure of the water. De motib. 


wedge; and that water, in like manner I nat. 4 gravuitate fair. Prop. 29. 3% | 
FF Zz 2 thin 


ſeen on the 


. hin anddelioucs a mombrate, diſtended only with — . in compariſon of 
wong membranes and fibres of a man, fiſt d, beſides air, witly more 


| I ; 2 | 5 Ran s 20 ITis alf& confiderable, what great weights may be ſuſtain'd in 


man 


fac fibres or tendons; and by other fibres interwoven into mem- 
"bran nes, 2 of what andre man would expect. And, not 
only upon acboùnt of the ſtable parts of a human body, but of the ſpivits 
toch it may refit very violent preſſures of a fluid; without" any manifeſt 
eomtuſion, or diſſocation of parts, or even ſenfe of S as appears from 
eee guſts of wind have upon ouſes, Oc. tho a man 
wilt withſtand fity of ſuch a Aare wind; and walk directly 
againſt ie, by — the vigour of his muſeles and ſpirits, without bei 
thrown owes: or bruiſed; by ſo viokent à current of air; and without 
much as complaming of HAT and this, tho the wind that beats againſt 
him, Acts as a ſtream, and does not uniform compreſs _ but invade 
only tho fore-part of his body: Thus, alſd, in the lifting u heavy weights 
dy men, we may ſee the flender tendons of t ha loaded with 
an hu and fifty pounds, or more, without having _— fibres fo far 
compreſſed, or ftretched, 4.145 mee perſon complain of pain. A hu- 
„ 4s g of x maths firmer feructure, than mere 
ſcholars Albany take naties of“ And, 1 doubt, N 5 or ſtructure 
of a/ man were not conſiderabh erm de could; e — 
ſupport the preſſure of the w” ig tho* not immeds wtely 5 app, w | 
in. . having, ſeveral times, conbers d with # man a got his living 
[> Aiving for dar rect d goods; he affured me, that, when he ſtay'd at 
a'confiderable depth, as ten or twelve fat homs, under the ſurface of the 
ſea, be felt a great paiſi in both his ears, which often put him to ſhifts to 
leſſen it; and this, by his manner of deſeribing it, E concluded, aroſo from 
the incompetent refiſtance of the air, whielt he found, by manifeſt tokens, 
wo ds greatly.comprefſed by the upper Water. This relation, frem ſuch a 
e not” only confirins our explanation,” but likewiſe warrants us ro 
| t whether the common reports that are made ovens. ae ought 
to be rely d on, without further examitiation/ © © 
We tôck a common fleſhy, of '# middle ſize, and Savings put it into 
the ſhorter leg of a bent galt, which we 8 to be terwiexivally _ 
weadded as much mereufy as Al's that leg, 4 rx of the other; lea- 
an more than an incly of air between Re ul yer; and he Rats 
that there might be room both for the fly and the eondenſution of 
the air; and then, with à little rammer, fitred ur 


the purpoſe, we caus d 
the mercury, in che open leg, tobe thruſt 


ainſt chat in che feal'd/ one; 


Wen rily erowdedthe air; near che fſy, inte leſs room fe thar ir 
ſeem d condens d oo. about a third part of the ſpace which it poſſeſs d 
bo HE Wiſh ad Vite fn rammer was Fe rawn;: and tho“ 
this Were done more chan once, yet the „een 8 L hurt; 
kg eee "mT; wr Ry rs legs, and ta rub 
e ee Gehen, a6" cis uſual} wien chae fore» of inſosts in the 
org airt* * 
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i Fydroſtatical Diſcourſe: _ 
Another experiment, to the ſame purpoſe, 


had, firſt, an opportunity to compreſs the air into a third, if not a fourth part, 
of its former dimenſions ; yet the fly continued to move ſeveral of her parts, 
and, eſpecially her legs, very vigorouſly ; as if nothing troubled her, but 
being, as it were, glued to the inſide of the glaſs by her wetted wings. And 
this, T hope, will keep the reſiſtance of divers, to the ſurrounding water, 
from ſeeming incredible; ſince ſuch flies were able to reſiſt, and, ought 
appear d, Without harm, or pain, the preflure of the crowded particles of 
the air: tho" we gueſSd it to have been as much . by the force 
of the rammer, as it would have been by a cylinder af water, of between 
50 and 60 feet high. $2) an | hy 
Hence, too, we may be aſſiſted to conceive, how great a difference there 
is, whether the ſame preſſure be exerciſed by a ſolid, or by a fluid boy 
For, according to our eſtimate, the preſſure againſt the body of the fly 
was as great, as if a ſlender pillar of marble, 12 the fly for its baſe, 
and 18, or 20 feet in height, had reſted upon the little animal. 
We alfo took ſome ordinary black flies, of a middle ſize; and having 
Jem one of them, with the he gl ak, and left ſome diſtance betwixt 


r and the ſeal d end of the glaſs tube, we pour d in quck-filver very 
ſlowly, and cautiouſly, leſt the force of ſo heavy + ory, acquired by its 
velocity in the fall, ſnou d, more than the mere weight of the fluid, oppreſs 
her: at length we got in as much as the tube would receive; 
then, holding it upxight, e watch d whether the fly would make any mo- 
tions; and finding that ſhe did manifeſtly ſtir, notwithſtanding the incum- 
bent mercury, we meaſur d the height of the mercurial pillar, i 
the middle of her body, to the top of the fluid, and found. it to be about 
eight inches; and the quick-ſilver being pour'd out, the fly appear d very 
vel and vigorous... | hol angie 

iment with one of the beſt flies we could take, when 
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e ted the 
their 21 was almoſt over, and of the ſame ſize with the former; w 
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y above her, we 
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quick-fi 
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other & we made with water ; tho! this G eg 
wet the wings of the fly, and ſoon after, by miſchance, drown'dit:. but we. 
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ae right, Wand a mercurial pillar of 25 inches; and tho ſhe was 


of the 


much more weight in what he objects, 


aal 
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An. neee Diſcourſe. 
placed, with ſome mercury under her, in a glaſspipe, 


not d to move; under ſo greata weight, yet, when once that was taken 
off, ſhe appear'd unhurt; and, probably, would have eſcaped under a much 
preater weight, if the tube, which was too large, had not, already, employ'd 
the ſtock of mercury we then had at hand. Since, then, ſo ſmall an ani- 
mal, as a fly, may ſurvive ſo great a wt and remain able to move 
ſuch long and flender bodies, as her 5, when preſsd againſt by above 
16 inches of mercury; and, conſequently, by a weight, equivalent to a 
lar of water, of more than 18 and a half ; which being 590 times 

er own length, and many times more her height, it appears, that a diver, 
ſix foot tall, to have as many times his height of water above him, as our 
fly might have had, and yet continue to have moved under it, muſt dive to 
near an hundred fathoms ; which is a depth vaſtly greater than, from what 
T could learn by enquiry, the divers, either for coral, or pearl, deſcend 


Thus, then, we have accounted for a phenomenon, which Dr. More 
thinks inſoluble, without his hylarchic . There would, indeed, be 
| | it our aſſertion, of thegravitation of 
water in water, were, like the Principium hylarchicum, a mere hypotheſis, 
advanced without any poſitive proof: but our doctrine is directly pro- 
ved, by particular experiments; to elude the force whereof, ſo ingenious a 
perſon, 1s obliged to call in a principle that is not phyſical. ** 
But, Whatever power he is pleas d to fuppoſe at the bottom of the ſea, 
to ſuſpend the preſſure of the incumbent water, I think, that ſuppoſition 
mult give place to experience ; which ſhews, there really is a great preſſure 
exercisd by the water at the bottom of the ſea. A gentleman, who has 
been often — t of the royal ſociety, aſſured me, that a friend of his, 


en 
having let a pewter bottle into a deep ſea, with weight enough to 
fink it, that he might try whether any 10852 water would ſtrain into it; 


found, when he püll'd it up again, the ſides of it very much compreſs d, 
and, as twere, ſqueez'd inwards by the water. An acquaintance of mine, 
trying to cool his liquor, when he failed thro the torrid zone, by letting 
the containing veſſels to a great depth into the ſea, was, at firſt, amaz d to 
find the corks, with which the ſtrong ftone bottles had been well mes be 
fore, ſo forcibly, and fo far thruſt in, that they could ſcarce, have been ſo 


violently beaten in with a hammer. And, an ingenious perſon, who pra- 


criſes phyſic in the ladies, told me, he try d, in a very deep of the ſea, 
Whether an freſh water would ſtrain into ſtone bottles, thro 2 thick cork, 
12 in; and having let it down with a. convenient weight to 
100 fathoms, was much diſappointed, when he drew it up, by finding that 
the preſſuxe of the water, at Io vaſt a depth, had quite thruſt down the 
cork into the cavity of the bottle: an effect which he ſcarce could have ex- 
pected from the ſtroke of a mallet. 


„ | 
TONE. .. | And, 


— 


An Fydroftatical Diſcourſe. 
And, to ſhew, ad oculum, that water ma 
preſs againſt the topple of a bottle, tho the veſſel be inverted 3 we took 


a glaſs vial, furni with a cylindrical neck, and its cavity large, in 


proportion; into this we put as much quick-ſilyer as would, in the neck, 
make a ſhort mercurial pillar, of between half an inch, and an inch; then 


a piece of very fine bladder, dope in oil, was ſo tyed over the orifice 
of the glaſs, that no mercury could fall down, or get out, nor. water, get 
in at the orifice ; and yet the bladder, by reaſon. of its great limberneſs, 
might be eaſily thruſt up towards the cavity of the vial, or depreſs d by 
the weight of the mercury. This little inſtrument, firſt farniſh'd, with a 
weight of lead, to fink it, being inverted, the mercury deſcended into the 
neck, and cloſed the orifice as exactly as a ftopple ; but, with its lower 
part, depreſs d the bladder beneath the horizontal plane, that might be 
conceivd to paſs by the orifice : then the glaſs, being, for a while, kept 
in the water, and, by a_ firing, let down into the ſame glaſs 
veſſel, fill'd to about two feet in height ; the preſſure of the liquor againſt 
the orifice of the vial, by degrees drove up 1— bladder, and the mercurial 
— 3 into the cavity of the neck; as was manifeft by the aſcent. of the 
quick-ſilver: and when the inſtrument was leiſurely drawn up again, the 
2 of this mercury made it ſubſide, and plump up the bladder, as 
ore. 404 
Meeting, caſually, with an ingenious mechanic, who deviſed proper 
accommodations, and a boat, wherewith he could continue, for, a great 
while, at a conſiderable] depth under water; he aſſured me, that when 
he was about four or five yards deep in the river Thames, his breaſt and 
abdomen were ſo compreſſed, that, there being hardly room enough left 
for the free motion of his lungs, he could ſcarce fetch his breath; and was 
obliged to be drawn quickly up : and that, to remedy this, he cauſed a 
kind of armour. for the cheſt and back, to be made of copper; and tho; 
the metal defended him from any miſchief in thoſe. parts, yet, in others, 
where only leather was interpoſed, when he came to the depth of abour 
ſix fathoms, he found a great preſſure upon his legs and arms, and all the 
other parts, againſt which the water was able to thruſt the leathern Tak 
inwards: and this preflure he found pretty equal; ſo as to receive no grea 
inconvenience from it; being able to continue under water, tho? not at 
great depth, for about two hours. He farther declared, from ls own 
experience, that the ambient water endeavour'd to preſs. him, and his di- 
ving ſuit, Vr Way 3 10 haye, alſo, been aſſured, FR a wager 
wer, W e deice in his pell, to V t depths, Has OITED na 
the blood ſqueez d out at his . e 3 4 e a pee een 
Upon the whole, it appears, that water actually preſſes againſt bodies 
under it, whether ſpecifically lighter, or heavier than * ſelf. * | + 1276) [ 
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r method of «Bally reighing water in water, 100 
been by a late writer of hydro tics, that there is à mi- 
ike in i. Than here herefove, endeayourts deat his e er 

ts about it in a fuſler Il 

is chat water, us it s heavy Hud, n retains its gravita- 
er g;(by which, I meay, a tendency downwar 27 
ws chat gravity) 1 Spa have a body under it, eit 
lighrer than it felf, or one equi- po nderant to it. For I 
. tar (ould deftroy, or aboliſh this gravity 1 5 many things may 
"Hinder one” eflects'&f it. Anil, therefore, I ſuppoſe that water remains its 
gravity,” not par fries We but in water too, and in heavier hquors ; and, 
* ently, by virtue of this, that Ii e Dedes upon them. But, if a 
Furroün * have, upon account fic gravity, an equal, ora 

rotgeer t _— 1 ht „it $i, edna rs . 
toi IS r, or to it from a nding; a 
n aer rakes mole ed . included in a veſſel of the {ame ſpeciſic 
— wing x1 Mt placed in a greater * of pr 2 Tits 


at tho” it retains. its vity 
E pF fer & Qual ied LEE eontrary'4 on of ck ebe . * 


water,” whoſe” equal: as aft a juft balance 

5 foaded' with = avi, in 1905 wn the ſcales, tho! neither of the 
weights actually ſen, ben hinder'd by its counterpoiſe ; yet each re- 
71 it, p reſſes the ſcale it $ on: fo that our 


of water, 9 8 17 88 the ſubiacent water, tho it does 
body 5 ö e e BER wag 
res,” 0 E it a 
1 cuſes, its panty my ve prone, by e mel 
id beach Bodies, which 1 55 orhe raiſe it; as appears by equal 
a ere fra balance. And, for want of this diftinQion, T have known. even 
__ - Uhrnet'meh; treating of hydroftatics, miſtake the queſtion. 
Wos, 8 A 54 to oy 4 in > Prins, Vs: In abu 
1 deny d, char er, the upper ravitate 
8. Ati UH chey could hoe” 0 rant, . dirs ke 1 5 
the aß A e u en 5 A, 2 5 5 e 
e parts ne commi. as e nca no 
ie whe yow ee 44 rhe home Aion 25 17 0 
is IC ALES 4 
3 Apainft er it Was Alledg des ot 
| "ſcholars, were not fitt 
Ci _— A — or ok op well ſtopp'd, were deeply fo ode _ 
would ſtrongly tend upwards; but if it were dextrouſſ un- 
1. p * 
when twas thus. immers'd, ſo that the water cou'd 


A . weight of the glaſs irſelf; 'twould, by the * chat 
crowds 


F. 
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crowds in, and thruſts our the air, be made ſtrongly to tend downwards, Srarics. 
and continue ſunk. But this not ſatisfying, becauſe *twas pretended, that te: 
reaſon of the empty bottle's emerging, when ſtop'd, was he oſitive levity of | 
the air that fill'd it; and that the Foking of it, when unſt | was from the on 
receſs of the ſame air, which, b the intruding water, was driven, with lar | | 
bubbles, out of . the bottle : f thought this evaſion might be. obviated, by 
contriving an experiment, wherein the water ſhould be plentifully, and ſud- | 
denly admitted into the glaſs, and yet no air expell'd out of it; ſo that, if | 
then the glaſs, which was ſuſtain'd before, ſhould fall to the bottom, with 
a gravitation amounting to a conſiderable weight, in reſpect of its ca- 
pacity, the ſinking of it could not be aſcribed, as before, to the receſs of 
the air, endow d, as they ſuppoſe,” with poſitive levity ; but to the wei 
of the water admitted, which, when thus weigh'd, would be environ'd with 
water of the ſame kind : and to ſhew, that o is water might have a conſi- 
derable weight, notwithſtanding the place it was in, I employ'd a pair of 
ſcales, after the manner recited in the experiment, page 288, Vol. II. 
However, therefore, my expreſſions diſagree with thoſe of my adverſa- 
y, the diſtance of our opinions is not fo wide, as it ſeems at firſt ſight: 
on he allows, as well as i that the ſuperior parts of water do, by their 


| 
gravity, preſs the inferior; but this he would not have amount to ſo much | 
as to mean, that water weighs, or gravitates in water. But, if he thinks, | 
that, in my experiment, I meant to propoſe a method of making water de- 
ſcend in water, and weigh it in that liquor, with a pair of ſcales, juſt as I | 
would a piece of lead, or'a portion of mercury ; which are bodies much 
heavier in ſpecie, than water; either he miſtakes my intention, or I did 
not ſufficiently declare it. What I deſign d to ſhew, and, I think, have 
ſhewn, was, that by the help of an ordinary balance, it may be made ap- 
pear, that water, admitted into the glaſs bubble, I employ'd, caus'd it to 
weigh much heavier than it did before that liquor enter d into it; and | 
that this new weight, manifeſted by the balance, was not due, as my adver- | 
2 ſuppoſes, to a receſs of the air. 
o this experiment, our author objects the following. Take a piece 
© of wood, lighter in ſpecie than water, and add weight to it, by degrees, | 
© till it become of the ſame weight with water; faften it, with a firing, to a | 
balance, and weigh it in water, and you will find the whole weight ſup- | 
© ported by the water“ But this is ſo far from overthrowing my opi- 
nion, that it agrees very well with it. For, ſuppoſe the weight, added to | 
the light wood, be lead, it cannot be ſaid, that the metal loſes its native 
ponderofity, whilſt it reſts in the water; and the reaſon why it deſcends | 
not, is, that it, and rhe wood whereto it is joined, are hinder'd by the ooun- 
terpoiſe of the collateral water, which, by its N ** would ratſe the fur- 
face of the water whereon the floating bod , if it were not hinder d by 
the weight of theſe incumbent ſolids : and this refiftance of theirs, to the . 
endeayour of the water upwards, being exercifed only upon account of | 
their grayity, ſhews, that they do, in my ſenſe, 'gravitate, tho not pre- 
vitate. nn EW ret $4 WS $95 As HY: LIC DID "Tb 


| 01. I Aaa "Tis 


+ 
< 
- 


— 
under 


of bodies 
water. 


N riuwents, 


overthrow the 


e de, carefully. poliſh'd, that they might touch in as many 


the lateral parts of the water, 


water that extrudes it. 


An Hhdryftatical Diſcourſe. 
than water, be detain'd under it, will, upon removal of the 
force, emerge to the top. And this they do ſo readily, and, as it ſeems, 
taneouſſy, that the generality of philoſophers, both ancient and mo- 
aſcribe it to an internal principle, which they call poſitive le- 


VITV. | © WO | , nz” Js i 

| Thus this principle was not, always, ſo univerſally receiv d among phi- 
lofophers, as in later ages; Democritus, and ſeveral of the antients, ad- 
mitting no abſolute, but only a relative levity : which opinion, ſome of the 
9 r to 2 * * WP 

| experiment. uſually urged, to prove the poſitive leyity of wood in 
water, ſeems, to me, too (lightly A 414 to be cone Bo 74 Tis true, 
indeed, if a flat board, for inſtance a trencher, have its broad ſurface kept 
by a man's hand upon the horizontal bottom of a bucket, full of water; 


STATICS, Tis obvious, vat if wood, wax, or other bodies, lighter in ſpecie 
relative 


' when the hand that detain d it, is removed, the trencher will commonly ſoon 


aſcend to the ſurface of the water. But, I do not perceiye, that a deci- 
ſive experiment, of this kind, _ is eaſy to be made with ſuch materials: for, 


the wood, whereof both the trencher, and the bottom of the bucket con- 


ſift, are ſuppoſed to be lighter, in ſpecie, than water; and, conſequently, 
they muſt. be of a porous, and lax texture; whilſt the more 1010 
woods, as {gm vite, brazil, Oc. whoſe texture is cloſer, ſink in wa- 
ter. If, therefore, there be not much care uſed, to bring the ſurfaces of 
the trencher, and the bottom of the bucket, to a true flatneſs, and ſmooth- 
neſs, the experiment will not be accurately made; and, perhaps, tho it be 
mentally, yet it is ſcarce practically poſſible to bring ſuch porous bodies, 
as the lighter woods, to ſuch a contact as is neceſſary in this caſe. And, 
were that actually done, I ſhould not expect, that the trencher would aſ- 
cend. For, in my opinion, the cauſe why, in ordinary inftances, wood, 
wax, and other bales: A F lighter than water, being let go at 
the bottom of a veſſel, of that liquor, emerge to the top, is chiefly, 


that there is no ſuch exquiſite congruity, and contact, between the lower 


ſuperficies of the wood, and the upper of the bottom of the veſſel; but that 
— impell d by the parts of the ſame 

liquor incumbent on them, are made to inſinuate, and get between the 
lower parts of the wood, and the bottom of the veſſel, and ſo lift, or 
thruſt upwards, the wood, which, bulk for bulk, is leſs heavy than the 
But, as the whole of the argument of thoſe I diſpute with, conſiſts in 

a ſuꝑpoſition, that becauſe the trencher is placed on the bottom of the 


veſſel, no water can come between to buoy it up; whence they conclude, 
it muſt aſcend by an internal, and poſitive principle of levity; I made the 


ben | 
= 


ent after another, and, if 1 miſtake not, a better manner. | 
| 8 then, two round, cylindrical plates of black marble, which 
had thoſe ſuperficies that were clapp'd together, ground * 8 
. * | my parts as pollible; an 
that the upper being taken up, the other might ſtick to it, and aſcend with 
— 5 , | | ö wi it? 
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it: and the better to keep out the water, the internal ſurfaces were; be- Frais. 


fore they were 
from moſt eaſily 
faces were kept horizontal: then a blown bladder, of a te ſize, 
was faſten'd to the upper marble, and both of them were let down to the 
bottom of ſome ſtagnant water; where, by the help of an eaſy contri- 
vance, the lower marble was kept level to the horizon. And now the 
ons of poſirive levity would have concluded, that the bladder, being a 
y much lighter than wood; and being in an unnatural place, beneath 
the — — ſhould, of its oy wu — — 5 — 1 
emerge: but a contrary event, e ladder, being 
to — 4 upper marble, ſo that both of them might, in our caſe, be * 
der d as one body; the water could not impel them up, ſince the cloſe 
contact of the ſurfaces of the two marbles, the water from inſinu- 
ating between them; and, conſequently, from getting beneath the u 
marble, and preſſing againſt the lower — — it. And, to 
that this was the reaſon why the bladder did not emerge, I cauſed part of 
the oil'd furface of the —— — be ſlid off from that of — Lg ; 
which, by reaſon of the ſmoothneſs and flipperineſs of the ſurfaces, was 
very eaſy to do. But the contact till continuing in a greater of the 
ſurface than was requiſite, more and more of the upper n was gra- 
dually ſlipt from the lower; till, at length, when the marbles touch'd but in 
one half of their ſurfaces, the endeavour of the water to force up the blad- 
der full of air, being ſtronger than the reſiſtance which the contact bur of 
Tor of the ſurfaces of the ftones, was able to make, they were ſuddenly 
$j 


1 together, light! 


oin'd ; and the bladder, by the extruding water, impetuouſly ſhor up 


ve the top of the water. | wy | 
With the ſame marbles, we made ſeveral other iments of this kind, 
moſt commonly _— them — ng together ; but once or twice, at 
leaſt; by placi u marble, under water, upon the lower, already 
— A armes h 9 —— +12 1s ne p n 6 434i _ il 7. 
That twas not the weight of the upper marble, nor want of lightneſs, 
whether poſitive or relative, of the air included in the bladder, that kept it 
from aſcending, is manifeſt by the impetuous aſcent of it upon disjoining 
the marbles; and by this, that the bladder would lift up, from the lower 
parts of the water, not only the upper ſtone, when it touched not the 
other, but — of ſeven or eight pounds hanging at it. 
We, alſo, took a bladder, in great part freed from its air; and tying 
the neck of it very cloſe, that none of the remaining air might get out, we 
faſten'd a conſiderable weight to it; and, by the help of this, ſank the 
— — — —— br h — — _—_ 
face e liquor might be co y er the upper the 
bladder. This wide-mouth'd glaſs we included in a 2 — which 
was carefully cemented on to the engine. The principal deſign of the 
experiment was to ſhew, that tho' the air included in the bladder, was 


very far from being able, by its abſolute levity, to lift up ſo great a weight 


Aaa 2 as 


y oil'd; which did not hinder them 
ding along one another, as long as the —.— ſur- . 
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Srancs. as the bladder was clogg'd-with-z yet the ſame air, included in the blad- 
den would, by its mere expanſion, without any new external heat, acquire 


a power of aſcending, notwithſtanding that weight; which aſcent, there- 
_ fore, muſt be attributed to the water, that, according to hydroſtatical laws, 
ought, c&teris paribus, to reſiſt thoſe immerſed bodies the more powerfully, 
that being lighter, in ſpecie, than it, poſſeſs the greateſt place in it, and 
- hinder the more water from acquiring its due ſituation. For the proſecu- 
tion of this trial, we began to pump the air out of the great receiver; and 
its preſſure upon the ſurface of the water being thereby gradually leſſen d, 
the ſpring of the included air began, by degrees, to diſtend the ſides of 
the bladder, till, at length, the included air, ſwelling every way, took 
up ſo much more room in the water, than it did before, that the water 
Vas able to lift the bladder, and the annexed weight, to the top, and de- 
tain it there, till we thought ſit to let in ſome of the excluded air; which 
forcing that in the bladder into leſs dimenſions, the weight was preſently 
able to ſink it to the bottom. of $09 | - 
. Bur if, inſtead of hanging ſo great a weight at the neck of the bladder, 
we faſten d only a moderate piece of lead, ſuch as would only ſerve to fink 
the bladder, and keep it at the bottom of the water, ſo that the aggre- 
+4 pare of the bladder, air, and metal, was but a little heavier than an equal 
bulk of water; then, upon the firſt ſtroke of the pump, which could with- 
draw but a {mall part of the air in the receiver, that in the bladder 
- ſuddenly expanding itſelf, the whole would immediately be impetuouſly 
extruded; by the water; tho', after ſome reciprocations, it floated in its 
due poſition; but, upon the return of a little outward air, it would im- 
It may be ↄbjected, that the aſcent of the weight was not eſſected by 
the preſſure of the water; becauſe rarity and levity, being ſimilar quali- 
ties, the great rarifaction of the air might, rtionably, increaſe the 
levity of it; and, conſequently, enable it to much greater things 
than it could do before. I ſhall anſwer this objection by the following 


About the neck of a conveniently ſhaped vial, able to hold a few ounces 
of water, I cauſed to be carefully ty d the neck of a ſmall bladder, whence 
the air had been well expreſs d; ſo that the bladder, being very limber of 
itſelf, and, del mace more ſo, as well as more impervious to the 
air and water, by the fine oil we had caus'd it to be rubb d with, lay upon 
the oxifice of the vial, like a skin clapp'd together, with many folds and 
pe + wes SG: let down pre — a veſſel full of . 
and the vial being poiſed for that purpoſe, perpendicularly: in the li- 
quor, till its _—_ was partly — and partly beneath — ſurface 
f the water: then, covering the external glaſs with à large receiver, 
we cauſed the air to be pumped out; and as the preſſure of that was 
i withdrawn, the air in the floating vial expanded itſelf into 
dhe bladder, and unfolded the wrinkles of it, till, at length, it became full 
blown, without altering the erect poſture of the glaſs it reſted on. 40 
"+ CBE 
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this great expanſion, being made above the water, and, 2 in a Srarics. 
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medium, not heavier than the included air, gave that highly rarity'd air 


no ſuch increaſe of levity, as ſnew d that it made ſo much as the neck of 
the glaſs riſe higher in the water, than it did before. Nor did we ob- 
ſerve, that the return of the air into the receiver, by reducing the air in 
the bladder to its former unrarify d ſtate, made the glaſs ſink deeper than 
before. But when the riment was try d with the ſame glaſs and 
bladder, at the bottom of the water; upon pumping out the air, the 
Dog ee | AS Ag water, was, after a w _ carried up to — 
top, an up with it about eight or ten ounces, that, to it, 
— faſten d to the bottom of d Wal. 4 
Hut, to examine whether a portion of air, by being rarify d, or ex- 
panded, acquires a new and proportionable degree of poſitive levity; we 
took a bladder, of a moderate ſize, which was very fine and limber, that 
it might be the lighter, and more eaſily diſtended. The greateſt part of 
the air, being ſqueezed out of the bladder, the neck of it was tied up very 
cloſe, that no air might get in or out of it. This limber bladder was hung 
at one of the ſcales of a balance, whoſe beam had been purpoſely made 
more than UNE ſhort, that the inſtrument might be ſuſpended, and 
continue capable of playing in the cavity of a great receiver, into which 
we convey d it; having, firſt, carefully counterpois d the bladder with a 
metalline weight, in the oppoſite ſcale. This done, the air was . 
out, and as that was withdrawn, the bladder was gradually expanded by 
the ſpring of the internal air; till, at length, when the receiver was well 
exhauſted, it appear d to be quite full. But, notwithſtanding this great 
dilatation of the included air, it did not appear, by the depreſſion of the 
oppoſite ſcale, to be grown manifeſtly lighter than it was at firſt, And 
the bladder ſeem'd, alſo, to retain the ſame weight, after it had, by the 
2 that was let into the receiver, been compreſſed into its former flaccid 
Io determine whether a fiſh riſes or ſinks in water, by contracting, or 
expanding itſelf ; take a bolt-head, with a wide neck, abnoſt fill it with 
water, and put therein a large live fiſh ; then draw out the neck of the 
glaſs exceeding ſlender, and fill that alſo with water. Obſerve the motion 
of the fiſh ; and if, upon his ſinking, the water, at the ſlender top, ſub- 
ſides ; we may inter, he contracts; and if, upon his riſing, the water be 
raiſed, we may conclude, he dilates himſelf, i oa 57 
I employ two ſorts of experiments, to ſhew, that a ſmall quantity of 

incloſed air, may, by its preſſure, have a conſiderable effect upon bodies 
reſſure may be manifeſted by what it directly, and poſitively, ' performs 
— — bodies cover d with water; and, alſo, — — Ti 
BAY enſue upon the removal of the incloſed air, or the weakning of its 
ſpring. | 


We took a ſquare glaſs-vial, capable of holding twelve ounces of Wa- Menifee by 
this we luted on carefully, and ſtrongly, over the orifice experingutss A 


tex; the neck 


va 4 * 


— 


The Nee of | 
— air 3 prin . 
under water, notwithſtanding the interpoſition of that liquor. For this wats. 
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cer into —— : then, covering this glaſs with a great receiver, we 
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| —— eden ene afterwards ftopp'd, but not exactly, with a cy 


of the ſmall pipe, at which the air paſſes in our engine, out of the re- 
5 to the engme, and, at the bop, pour'd in as much water 


luted it ſtron 
I may ſo call it, and co- 


as ſufficed to 


nd the internal receiver, i 


ver it to a pretty height. This done, we exactly cloſed, with a turn- key 
the hole in the great receiver, at which the water had been pour d in, 
that no air might paſs that way. And, laſtly, we began to pump out the air 


contain d in the internal receiver; that the air, which, by the above- men- 


tion d pipe, had communication with the external air, might no longer, by 
its preſſure, aſſiſt the glaſs to reſiſt the preſſure which the incumbent, and 


incloſed air, by virtue of its ſpring, conſtantly exerciſes upon the ſubja- 


cent water, and, by its intervention, upon the ſides and bottom of the in- 


ternal receiver. At the firft exſuftion, which could not be ſuppoſed to 
have well emptied the internal glaſs, this veſſel was, by the preflure of 
the ſuperior air upon the ſurrounding water, broken into numerous pieces. 
The ſame experiment, with a like ſucceſs, was repeated with a ftronger 


internal glaſs. 0 4 

Having ſqueez'd out of a moderately ſized bladder, the greateſt part of 
its air, we tied the neck of it very cloſe; and then, faſtening to it a compe- 
tent weight, we placed it at the bottom of the talleſt, and Br eſt plaſs we 
could cover with our great receiver; that ſo, tho” the inevinhe 


at air were 
mp'd our; none of the water might eſcape with it, but ftill retain the ſame 
height above the bladder. Having, then, poured upon the bladder as 
much water as would ſwim high above the upper part of it; we cover'd 
this glaſs of water with a great receiver, which, being carefully cemented 
on to the engine, 2 was ſet on work; and as the air which, by its 
ſpring, preſs d upon the ſurface of the ineluded water, was, by degrees, 
pumped out; ſo the air, impriſon'd in the bladder, gradually expanded, at 
the n of the water, as if no ſuch liquor had interpoſed between 
them, otherwiſe than by its weight; upon whoſe account it muſt be al- 
low'd a little to hinder the expanſion of the bladder, in proportion to the 
height it has above it. Thus the immerſed bladder was, at length, full 
blown, by the dilatation of the air incloſed in it; and, by its r 
made a conſiderable part of the water run over the ſides of the gla 
that before contain d it all. And when acceſs was given again to the ex- 
ternal air, the internal being compreſſed, the bladder was preſently redu- 
r enen 
We took a ſmall fine bladder, whoſe neck was ſtrongly ty'd up, when 
it was about half full of air; this we put into a ſhort braſs-cylinder, the 
lower of whoſe baſes was cloſed with a braſs-plate, and the other left 


Undrical plug, that was ſomewhat leſs than it, and was, by a rim at the 
top, kinder d from reaching too deep into the cavity of the cylinder, that 
it gh not damage the bladder which lay beneath it: upon the plug we 
placed a conical weight of lead ; and this pile of ſeveral things, en ſo 


placed upon our engine, that we could cover it with a great receiver, we * 


- * * * ' 4 
fully:cemented on, ſuch a veſſel; and at the top of ir pour d in ſo much water Srarics. 
as would ſerve to fill the vacant part of the braſs- cylinder, and the cavity 
of the engine to ſuch a height, that it cover d all the leaden weight, which | 
was ſeveral. inches high, except a rim faſtened to the top of it, for the con- 
veniency of removing it. This being done, the pump was work d; and; 
lon we had exhauſted the air of the receiver, that which was in- 
cloſed in the lank bladder had, by degrees, diſplay d ſo vigorous a ſpring, 
that it raiſed up the weight, which lay upon it, to a conſiderable height, 
and kept it there, till the air was let in from without, to aflift its depreſ- 
_ the lead, which amounted to no leſs than about twenty-eight 
pou S. | | ; 

We took a cylindrical copper-veſſel, of a conſiderable height; into this, 
being firſt almoſt fill d with water, we put a ſquare — capable of 
containing nine or ten ounces of water, and exactly ſtopp'd with a cork, 
and a cloſe cement; this vial, by a competent weight, was detained at 
the bottom of the water, from whoſe upper ſurface it was conſiderably 
diſtant; then the copper - veſſel, being placed upon the engine, and inclu- 
ded in a great receiver, well cemented on; the air was, by pumped 
out: but, before it was quite exhauſted, the glaſs, at the bottom of the 
water, was, by the ſpring of the air included in it, burſt into many 
pieces, not without great noiſe, and a kind of ſmoke, or miſt, that ap- 

red above the ſurface of the water: and another glaſs, of the ſame 
fert, was broke, after the ſame manner, in another veſſel. | | 
Now, the conſequence that naturally reſults from the three laſt experi- 
ments, is, that, ſince barely upon withdrawing the preſſure of the included 
air, the air reſiding in the immerſed bodies, tid, by virtue of its ſpri 
expand itſelf ſo forcibly, and perform ſuch conſiderable things; the air 
above the water muſt have exerciſed a very ſtrong preſſure upon the ſur- 
face of it; for, it muſt have been, at leaſt, equivalent to that force of 
the immerſed air, the exerciſe whereof it was able totally to hinder. 
And, from hence, it may be eaſily deduced, that the weight of the at- 
moſphere acts upon bodies under water; tho the interpoſed liquor is vaſtly 
heavier, in ſpecie, than air: for, we have juſt now proved the preſſure of 
incloſed air, which conſiſts in its ſpring, upon bodies under water. And, 
tis manifeſt, that the ſtrength of the ſpring of this lower air, we make our 
trials with, is cauſed by the weight of the upper, which bends and com 
preſſes thoſe little ſpringy particles whereof our air conſiſts; ſo that the 
weight of the — — being equivalent to the ſpring of the lower air, 
muſt preſs upon the ſurface of the ſubjacent water, with a force equal to 


the ſpring of that part of it which is contiguous to the water. | 
It has proved a great impediment to the reception of the dectrine of Flvids preſs is .. 

the weight and preſſure of the atmoſphere, that, if it could, really, exerciſe a. pes klids, | 

ſo great a force as we aſcribe thereto, it would, -unavoidably, oppreſs all 

the bodies expoſed to it: ſo that neither men, nor other animals, wo 


be able to move under ſo great a load, or withſtand its force. 4 
0 4 . q : 4 ” © 2 | 
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This I grate to be a plaufible objection, but the force of it will be taken 
away by the following conſiderations put together. 09 D 10 77. 
And firſt, the power of preſſing, that we aſcribe to the air, is not a 


. — 15 thing deduced from doubtful ſuppoſitions, or bare hypotheſes, but from 


ie of real and.) ſenſible experiments. And, therefore, ſince we have clear and 


poſitive proofs of the preſſure of the air; tho' we could not explain how 
men and other animals are not deſtroy'd by it; yet we ought. rather to 
acknowledge our ignorance in a doubtful problem, than deny what expe- 
rience manifeſts to be true. Thus the attractive virtue, and other powers 
of the loadſtone, are freely acknowledg'd, even by thoſe who confeſs them- 
ſelves unable to explain them; tho', if experience did not ſatisfy us of 
them, they were liable to many more — objections, than any 
urg d againſt the preſſure of the air. | 
Pur thoſe who make this objection againſt the great preſſure of the air, 
ſeem not aware, that we were conceiv'd, and born in places expoſed to 
the preſſure of the atmoſphere : and, therefore, how great ſoever that preſ- 
ſure appears to be, it ought not to cruſh us now: ſince, when we were 
but embryos, or newly born, we were able to reſiſt it; and not only live, 
but grow to all dimenſions, in ſpite of it. | 
If there were any place about the moon, or other celeſtial globes, which 
ſome ſuppoſe to be inhabited, that had no atmoſphere, or equivalent fluid, 
about it, and where men, yet, could be generated a-new ; and one of theſe 
men ſhould be tranſported thence,” and ſet down upon our earth, there 
might be made an experiment proper to decide our controverſy. In the 
mean time, I doubt, ſince nature is not obſerv'd to make things ſuper- 
fluouſly ſtrong, ſuch, a human body, not being deſign d to reſiſt any weight 
or-preflure of air, would be of ſo tender and compreſſible a make, that it 
would eaſily be cruſh'd inwards, by our atmoſpherical preſſure. And tho 
we cannot give an inſtance of this kind, yet we make trials ſomewhat like 
It, in our pneumatical engine. For when we place water in our receiver, 
and pump out the air that was above it, there will be generated a multi- 
tude of bubbles; ſome of which, when the air is carefully withdrawn, 
ſwell to a ſtrange, and ſcarce credible bulk. 'Theſe bubbles being generated 
where the air cannot preſs upon them, ſuch dimenſions are ſo natural to them, 
that if the receiver be ſtanch, and no other unfriendly accidents intervene, 
they would probably be durable; ſince I have known the ſpring of highly- 
dilated -air continue, for many months : and a bladder would, for no leſs 
time, continue blown and fill'd, in our vacuum, by a little air left in it, 
when, the external was withdrawn from it. Yet the large bubbles, when 
once the out ward air is ſuffer d to come in upon them, are thereby ſo vio- 


lently compreſs d, that in a trice they ſhrink into dimenſions too ſmall to 
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* *- Keep them, viſible. And if I could have ſucceeded in my attempr of produ- 


cing living bodies in our v I ſuppoſe the ſucceſs w have con- 
1 


Tou will tell me, that ſo a weight and preſſure, as 1 aſſign to the 


atmoſphere, muſt needs a man feel pain; and if not diſlocate * 
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of the parts, at leaſt preſs the whole body inward. Bur, 1. being ac- 
cuſtom d to this preſſure from our = birth, and even before it, we are 
hinder d from taking notice of it ; thoſe preſſures only being ſenſible to us, 


that are made ſo by ſome additional cauſe, which, by making a new imm 


preſſion, excites us to obſerye it. Thus, we are not ſenſible of the weight 
of the clothes we wear; and ſo a healthy man is not ſenſible of the heat in 
his heart, becauſe tis conſtant there, and the ſentient parts of the heart 
have been uſed to it, tho that heat has been often very conſiderable ; but 
when, in live diſſections, a man puts his finger into the heart of an ani- 
mal, which probably has a fainter, or at leaſt no ftronger degree of heat, 
than a human heart, he will feel in his fingers, accuſtom'd to the air, a 
_ manifeſt degree of heat. 2. It has been proved, that a cubic inch of air, 
for inſtance, has a ſpring ſufficient to the weight of the whole atmo- 
ſphere, as far as it is expoſed therero; otherwiſe it would be more 
compreſs'd than in fact it is. 3. A very little portion of air, tho it much 
ſooner loſes its ſpring by expanſion than a greater, yet will reſift further 
compreſſion, as much as a greater. 4. The pores f the parts of animals, 
whether fluid or conſiſtent, as in their blood, gall, urine, heart, liver, Oc. 
there are included a multitude of aerial corpuſcles; as appears from the 
numerous bubbles afforded by ſuch liquors, and the ſwelling or expanſion 
of the conſiſtent parts in our exhauſted receiver. 5. To this we may add, 
that beſides the bones, whoſe ſolidity is not queſtion'd, a much greater 
Pena human body than is uſually imagined, really conſiſts of mem 
ranes and fibres, and the coalitions and contextures of them ; and that 
theſe ſubſtances are, by the moſt. wiſe author of things, made o fa much 
cloſer and ſtronger texture, than thoſe, who have not try'd, will be apt to 
think. Laſtly, there is a far greater difference than men commonly ſuſ- 
pet, between the effects of the preſſures made upon bodies by ſolid 
weights, and thoſe they ſuffer from ſurrounding fluids. , 
Hence tis not neceſſary that the preſſure of the atmoſphere, tho as 
eat as we ſuppoſe it, ſhould oppreſs and cruſh the bodies of men, who 
| live under it; for the ſolidity of the bones, and the ftrong texture of the 
membranes and fibres, with the ſpring of the aerial particles, (which abound 
inthe ſofter as well as in the fluid parts of bodies) that is equivalent to the 
preſſure of as much of the atmoſphere, as can exerciſe its preſſure a- 
gainft them; make the frame of a human body fo firm, that it may well 
reſiſt the preſſure of the outward air, without having any violentl 
diſlocated ; whilſt this external preſſure is exerciſed only by the air, whi 
being but a ſurrounding fluid, prefles equally on every fide. And be- 
cauſe our bodies have been produced in the atmoſphere, and from our very 
birth expoſed, without intermiſſion, to the preſſure of it; our having been 
continually accuſtom'd to this preſſure, ind the firmneſs of our ſtructure, 
keep us from being ſenſible of the weight or preſſure. ez 
Multitudes of men have had occaſion to over high mountains, 
and I myſelf have been upon the Alps and ner; yet I never met 
with, nor heard of any one, who took notice of the difference, as 
Vor. IL Bbb to 
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Stans, to the weight of air ſuſtain d; or who complain d, that, when come down 
is the, foot of. the mountain, they felt any greater compreſſure from the 
air, than at the top. » numerous experiments witneſs, that on more ele- 
vated parts of the earth, which have a leſs height of the atmoſphere in- 
cumbent on them ; de ig and preſſure of the air is not ſo great as be- 
low. And, on very high mountains, tis not unlikely that this difference 
may be very conſiderable ; ſince, when the Torriceilian experiment was 
made near Clermont in France, upon the Puy de Domme, which is none of 
the higheſt mountains in the world, they found the difference of the mer- 
cury at the top and bottom, to amount to about three inches; and, con- 
ſequently, if the trial had been made with water inſtead of quick- ſilver, 
the difference would have been about three feet and a half, perpendicular 
height. And, on much higher mountains, the difference of the height 
of the mercurial cylinder at the top and bottom, would be much greater. 
But, at the bottom of ſome very deep well, or mineral groove, which may, 
without improbability, be ſuppoſed at, or near the foot of one of 
theſe mountains; if we conceive the barometer to be let down, the va- 
riation would be much more conſiderable ; yet we find not that the di 
in the deepeſt mines, of mountainous countries, are ſenſible of bei 
depreſſed, or compreſſed, by any unuſual . — But, to build only on 
matter of fact; it 5 by the preceding obſervations, that when a man 


was at the bottom of the hill, he had an additional weight of air preſſing 

upon his head, above whar he ſuſtain d at the top, equal to the height of an 

imaginary veſſel of water, having his head for its baſis, and three feet and 

a half high ; which is ſo: rable a weight, as could not but have 

been, of itſelf, very uneaſy to ſupport. And the ſame muſt be, propor- 

tionably, applied to the other parts of his body. Whence, we may infer, 

that ſuch a weight was not felt by the man it 3 becauſe the preſ- 

fure was exerciſed after the uniform manner of fluid bodies. 
And this may ſuffice to-ſhew;, that there is no neceſſity the compreſſure 
of the atmoſphere ſhould make it impoſſible to live in it. But, to clear this 
matter ſtill farther, we made the following experiments. | 

Experiments ts. Into a ſhort hollow cylinder of braſs, we put a fine r 2x6 ſo 

Ces toe. Cloſe at the neck, that none of the air, whereof it was about full, 
trat. would, probably, get out. This we did, to the end that the hen's 

we were to bed in it, might lie ſoft, and have its ſides almoſt cover d wi 

the limber: flaccid bladder, and contained air; then we coverd the re- 

maining part of the egg with another bladder, that nothing hard might 

eome-to immediately upon the ſhell; when, putting a wooden plug 

into the cylinder, and a weight upon the plug, tho lowly and warily, 

left the quick deſcent of the weight ſhould make the plug break the egg ; 

we, in the laſt place, cover*dithe cylinder with a large receiver, and the 

air being drawn out, that air which was ty'd up in the bladder, by de- 

| es, expanded itſelf ſo ſtrongly, as to lift up the plug and the incum- 

bent weight, to a conſiderable height, and keep it there, till the external 
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Now, ſince the air, in ſuch caſes, expands itſelf, vigorouſly every way, Srarics. 


it muſt preſs againſt the egg with the ſame force that it did, propor- 
tionably, againſt the bottom of the z and that force was more than 
ſufficient to lift up the weight, which, together with the plug, amounted 
to about thirty pounds: yet the egg, being taken out, appear d perfectly 
whole, and no way harmed. But the ſame egg was afterwards cruſh'd 
to pieces, by laying, warily, ſmall weights, one after another, upon it, till 
they amounted to about four pound weight. 

We took a ubble, about an inch and a half in diameter, blown 
at the flame of a lamp, that it might be far more eaſy to break than the 
thinneſt vial; this bubble we included between bladders, as we did the 
egg in the former experiment; and then, having warily put the plug into 
the cylinder, ſo as to preſs upon the bladder that ſurrounded the glaſs, 
we leiſurely put the weights upon the plug, till they, together with it, 
amounted to thirty pounds, or more; which being removed, the plug 
was removed; and the glaſs-bubble, tho' it were, perhaps, as thin as 
fine white paper, was taken out Whole. 

But, left the great reſiſtance of ſo thin a glaſs, which yet was not her- 
metically ſeal'd, ſhould be aſcribed to its ſpherical figure ; we employ'd, 
inftead of it, the ſhell of an egg, whence, by a hole made at one end, the 

olk and white had been taken out. This empty and imperfectly cloſed 
ell we treated as the glaſs- bubble, in the laſt experiment; and, not- 


withſtanding the great leaden- weight that reſted upon the plug, it eſcaped 


without the leaft crack. 


And, to ſhew that what we obfery'd about the nature of the compreſ- 


ſure of fluid bodies, will hold as well in water as air; we put an hen's 
egg into a limber bladder, almoſt full of water; and tying the neck very 
ſtrait, that nothing might get in or out, we fb placed the bladder in the 
braſs- cylinder, that K egg might not be. immediately touch'd by any 
thing that was hard; then putting the plug into the cylinder, we warily 
and leiſurely heaped upon it convenient weights of lead, till they amount- 
ed to about ſeventy-five pounds : notwithſtanding all which, the egg was 
taken out ſound, and uncrack'd ; and, probably, might have ſupported a 
much greater preſſure. * | | FRO 
Nor were eggs the only bodies we endeavour'd to cruſh after this man- 
ner: the trial having been, alſo, made upon a piece of butter, of a very 
irregular ſhape, it came out unalter'd. | 
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Eſſay- Inſtrument, 


Mberouith to examine if COIN be 
aa adulterate or counterfeit. 


T3 9 , . K 5 
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Aung, formerly, uſed a little inſtrument, conſiſting of a glaſs- 
bubble, with a long ſlender ſtem, to compare the IHecific gravi- 
ties of ſeveral flui by its degrees of ſinking in_them ; and, 
coming to conſider its uſes more attentively, I found it, alſo, proper to 
diſcover the ſpecific gravities of ſeveral ſolids. For, every folid, heavier 
than water, loſes in water as much of the weight it had in air, as a bulk 
of water, equal to the immerſed folid, would weigh in the air. And, con- 
. a as gold is by far the moſt ponderous of metals, a piece of it, 

one of equal weight of any other metal, being ede the gold. 
muſt be the leaſt in bulk. If both of them, therefore, be weigh'd in wa- 
ter, the muſt loſe leſs of its former weight than the other metal; be- 
cauſe w lighter herein by the * 2 of a bulk of water, equal to 
each reſpectively. Hence, I concluded, that my floating inſtrument would 
be made to ſink deeper by an ounce, for - 
der water, than by an ounce of braſs. | | 

This inftrument may be made of glaſs, copper, ſilver, or almoſt any 
other ſolid body, that is fit to float on. water, with a piece of coin 
it, and of a texture cloſe enough to keep out the water. It 
three parts, the ball, the ftem, and the place for the coin. 'The 
N ſolder'd to- 


e 
* 


ball BC DE, if of metal, conſiſts of two thin concave 
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from ſinking below the top of the ftem. The ftem AB, muſt be ſol- Srarics. | 
der d on to the ball, at the upper hole thereof. It may be either hol 


low, or ſolid ; but it ought to be made very ſlender, and conſiderably 
long. In the lower hole of the ball, is ſolder'd the undermoſt part of the 


inſtrument, which I call the ſtirrup G. The ſcrew F, is a very ſhort N. 28. 


piece of braſs, with a broad lit in it, capable of receiving the edge of 
the coin; which, with a turn or two of a ſlight ſmall ſide-ſcrew, may 
be kept faſt in. The ftirrup G, is made of wire, which, a little below the 
bottom of the ball, is bent round, ſo as to ſtand horizontally, that the 
coin may be laid upon it. Twould be convenient to have the under ſtem 
and ſcrew made ſeparate, that the ball of the inftrument, being ſuffici- 
ently large, there may be room for two or three flat round pieces of 


metal K, with each of them a hole in the middle, fitted to the ſize of the Fig 25. 


ſtem, to ſerve as balaft ; being placed near the lower part of the ball, when 
the ſcrew may be thruſt on to ſupport them. 


To adjuſt this inftrument for the examination of a gninea, you muſt, Applica to the 


by the help of the ſtirrup, or ſcrew, hang a guinea, known to be 
ine, at the m of it; and having ſtop'd the orifice of the ſtem, if hol- 
low, that no water may get in, immerſe the inftrument gently, and per- 
pendicularly in a veſſel of fair water, almoſt to the top of the ftem ; then 
letting it alone, if, being ſettled, it continues in the ſame tation, and po- 
ſture, the work is done. If it emerge, add a little weight to it, either 
at the bottom, or the top, that the guinea may depreſs it as low as is 
required; but if it fink quite under the water, lighten it, by filing off from 
the balaſt-plates, above-mentioned, or otherwiſe. Then ſe 
where the ſurface of the water touches the ſtem; and taking out the in- 
ſtrument, ſubſtitute in the place of the guinea, a little round plate of braſs, 
of the ſame weight, or a grain or two heavier, in the air; and putting the 
inſtrument into water, is alle let it ſettle, and make another mark I, 
at the interſection of the ſtem, and the horizontal ſurface of the water. 

But there may happen a caſe, wherein the practical application of 'our 
inſtrument will he unſecure. For, if a falſifier of money have the skill, by 
waſhing, or otherwiſe, to take off much of the ſubſtance of the coin, with- 
out altering or impairing either the figure, or the ſtamp; the coin wilt 
not depreſs the in ent to the uſual mark, whence the guinea may be 
judg d counterfeit, tho” it be only too light. However, it preſently ſhews, 
that the propoſed guinea is abuſed ; 1 if the want of weight appear, by 
the inſtrument, to be very great, tis a ſtrong preſumption, that it is rather 
waſh'd, than counterfeit. But the balance will preſently reſolve the doubt: 
for, if the ſuſpected coin has its due weight in the air, the great lightneſs 
of it in water, ſeems, to proceed from its not being of the requiſite fine- 
neſs; and, if it want much of its due weight in the air, 'tis probably 
waſh'd, &c. rather than adulterated. . 

It may be very convenient, for thoſe whe have frequent oecaſions to 
examine various ſorts of coin, to have a different inſtrument adjuſted to each. 


But if the ball be made large, and with a ſtem long and ſlender enough, we 
may 


u- ©*amination ef 


t a mark H, N. 27. 


eto examine coins 
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TICS. may foo, by changing the balaſt-plates occaſionally, fit the ſame inftrument 
ins of different metals, and weights. Thus one of theſe, made 


of copper, ſerves me for guineas, crown- pieces, and half-crowns ; and 
may ęaſily be made to ſerve for ſeveral foreign coins. 


After the ſame manner, may pewter be compared and examined. For, 


having once obſerved, how. far the inſtrument is ſunk, by a determinate 
weight of it, which is known to be good in its kind; and to contain its due 
proportion of lead and tin; if you load the inſtrument with an equal weight 
of any other maſs of pewter, and it ſink deeper, the proportion of 
lead, very probably, exceeds in the mixture; tho tis poſſible to debaſe 

wter with mineral ſubſtances, whoſe ſpecific gravities are not well known: 

t to do it with lead, ſeems to be the moſt gainful way. 

This inftrument, may, alſo, aſſiſt us to make a near eſtimate of the 
fineneſs of gold, and its different alloys with filver, or other determi- 
nate metals: for, being fitted to fink to the top of the pipe, with a cer- 


* tain weight of the pureſt gold, as ſuppoſe an ounce, make a mixture 


containing a known proportion of the metal wherewith you alloy the gold, 

uu: Sat ODER fifteen parts of gold, and mT 7 * let 
ting the inſtrument ſettle in the water, mark the place where the ſur- 
face of the fluid cuts the ſtem. Then putting in another mixture, 
wherein the ſilver bears a greater proportion to the gold, as, ſuppoſe the 
former be an cron or a fourteenth part of the latter, you may 
obſerve. how much leſs than before, this depreſſes the inftrument: and 
ſo proceed to as many degrees of alloy, as can be diftinguiſhed on the 
fem ; always obſerving, that the weight of each maſs, in the air, be 
exactly the ſame with that of the pure gold; which we ſuppoſe an 
ounce. 

By the ſame method may be examined the different alloys of pure ſilver, 
with copper, or other metal, ſpecifically p. . than ſilver; and, with a 
{light variation, cwill not be difficult to eſtimate in what degree, ſeveral 
coins, whether ſilver, or Feld, are debaſed, by the known ignobler metal 
mixed in the piece propoſed ; and this with greater exactneſs, than by the 
touch-ſtone, or much more troubleſome and chargeable methods. And the 


ſame is applicable to other mixtures of metals. 
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Statical Hygroſcope. 


AVIN G had occafion, amongſt other ſubjects relating to the air, L betler. 1 
to conſider its moiſture, and dryneſs, I eaſily diſcern d, they had ner the dryneſs -| 
no ſmall influence upon ſeveral bodies; and, among the reſt, upon . . . 
thoſe of men ; as the air we breathe, either paſſes from one of theſe 


fluid qualities to the other ; or from one degree to another, in the ſame 


I . immediately conſider'd of a proper way, to diſcover the 

changes of the air, as to moiſture and irynets ; with their ſeveral degrees.- 
For this purpoſe it ſeem'd, to me, that, if a ftatical hygroſcope could 

be contrived, it would be very convenient ; and fit, both to determine the 

degrees of the moiſture, or dryneſs of the air; and to tranſmit the obſer- 

vations made of them to others. And conſidering, further, that among 

bodies, otherwiſe well qualified for ſuch a p e, that was likelieſt to 

give the moſt ſenſible informations of the changes of the air, which, in 

reſpect of its bulk, had the wages ſurface expoſed thereto ; I pitch'd upon 
a fine ipunge, as a thing which is portable, not eaſily diffipated, but, by 
its readinels to imbibe water, ſeem d likely to attract the aqueous parti- 
cles it might meet with in the air, and which, by its great poroſity, 

has much more of ſuperficies, with regard to its bulk, than any body, not 

otherwiſe. leſs fit for the purpoſe. . 

But I here propoſe, not the beſt. hygroſcope that might be contriv'd, 
only one that is ſimple, cheap, contained and ſet up in a little room, eaſy 
to be made and tranſported, ſtatieal, commodious, and applicable to va- 
rious uſes. | 

In conſidering, what bodies were the fitteſt to be employ d for ſtatical 
hygroſcopes, I made tryal of more than one, that ſeem'd not the leaſt - 
promiſing. I know, that common, or ſea-falt, will greatly relent in moiſt 
air; and ſalt of tartar much more: but then, theſe ſalts will not eaſily part 
with the aqueous corpuſcles they have once imbibed; and are, in other 
r 
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Sra xies. ſtrings, choſen very ſlender, that they might have the greater ſurface, in 
WY 


teſpect of their bulk; and theſe I found very well to imbibe the moi- 
ſture of the air: but, afterwards, they did not anſwer my expectation. 
I, alſo, cauſed a cup to be turn'd out of light wood, which, that it might 


leſs burden a tender balance, had, inſtead of a foot, a little button, 


whereto a hair might be tied, to ſuſpend it; and this cup, being exceeding 
thin, that it might have much ſurface expoſed to the air, proved ſo good 
a hygroſcope, that I made ſeveral obſervations with it, for a conſiderable 
time. It agreed, alſo, with many trials, made on other occaſions, that 


- white ſheeps leather, ſuch as is uſed for plaiſters, would be very convenient 


A ſpunge made 
choice of. 


ws 1 
= * 

* * 
* * 
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for my purpoſe. And, indeed, I found, by ſeveral obſervations, that if 
this 2 were a ſubſtance as little liable to corruption as a ſpunge, it 
would be a fitter matter, than any other I had employ d, for hygro- 
ſcopes. 2 | 

But, upon the whole, I found no body ſo convenient for my purpoſe, as 
a, ſpunge : to try the poroſity whereof, we weigh'd out a dram of the 


. fine ſort ; and having. ſuffer d it to ſoak up what water it could, we 


held it in the air, till it dropp'd fo very ſlowly, that we counted a 


hundred between the 1 ſucceeding drops; then putting it into 


the balance wherein it had * before, we found, that as its di- 
menſions were increaſed to the eye, ſo its weight increaſed upon the ſcale; 


amounting now, to above two ounces and two drams; ſo that one dram of 


ſpunge, tho' it ſeem'd not altogether ſo fine as the portion we had choſen 
r our hygroſcope, imbibed and retained ſeventeen times its weight of 


dnl twy'd into Now a ſpunge is eaſily rurn'd into a hygroſcope ; for, having weigh'd 


s bygroſcope. 


it when the air is of a moderate temperature, it only requires to be put 
into the ſcale of a good balance, ſuſpended on a fix'd and ftable ſupporter. 


For the ſpunge, being carefully counterpoiſed, at firft, with a metalline 


weight, which alters not, ſenſibly, with the changes of the air, it will, by 


its riſing or falling, ſhew how much the neighbouring air is grown dryer 


or moifter, in the place where the inſtrument is kept. The weight of the 
ſpunge may be greater, or leſs, according to the ſize and goodneſs of the 


balance, and the accuracy required in the diſcovery. For my part, tho 


I have, with very tender ſcales, long employed but half a dram of ſpunge, 
I found it anſwer my — : and tho', when I uſed a bülk e- 


veral times as great, in a ſtronger, but proportionably leſs accurate ba- 


iner ſort of goldſmith's ſcales, and yet 


lance, I had ill ſucceſs; yet, after trials with di t quantities of 
it, I preferr'd that of a dram ; as not _ ſo heavy as to overload the 
ufficient to diſcover changes 


conſiderably minute; turning, diſcernably, with a ſixteenth or twentieth 


„ with half a quarter of a grain. 


„ an | 
= y--——_—_ kh With ſuch 2 as theſe (wherein the balance ought to be ſtill 


made with it. 


, 
* 


kept * — and charged) I made ſeveral trials, ſometimes in the 
ſpring, imes in the autumn, and ſometimes, alſo, in the ſummer 
and winter, Having once kept a dram of ſpunge ſuſpended, _ . 
2 1 ##: : , W 


whole ſpring, and f 

ſummer, I was well rewarded -by the obſervations it afforded. me. 
Now, the uſe of a hygroſcope is either general, or particular. 
The general uſe is, to eſtimate the changes of the air, as to moiſture 

and dryneſs, by ſuch ways of meaſuring them, as are eaſy to be known, 


rovided, and communicated. Tis obvious that our ſtatical hygroſcope 


s the advantage of the common ſorts, in theſe ſeyeral reſpects. 1 
There is, however, one great imperfection, which all that I have been 
acquainted with, are liable to; the want of a ſtandard of the dryneſs and 
moiſture of the air; by relation to which, hygrometers ſhould at firſt be ad- 
juſted, and afterwards compared with one another: tho this inconvenience 
may poſſibly be remedied. In the mean time, even our flight inſtrument 
will, in many reſpects, prove very ſerviceable: © fh ? 
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a great part of the preceding winter, and ſubſequent Srarres- 


" 4h 


ae of 


And firſt, it will, on many occaſions, - be uſeful to how both that the Th firſt «ſe of 


air is uſually leſs moiſt at one part of the artificial day, than at any other; 


the ſtatical hy- 


cope, to ſhow 


and at what particular time of the day, or night, it moſt commonly is ſo. ** —— 
I remember, when the weather was at a ſtand, I uſually obſer ved, that ther i the ſame 
the ſpunge had manifeſtly gain'd in the night, tho it were kept in a bed- ,, 493 ane 


chamber, and grew lighter again between the morning and noon. But 
this obſervation, which was made towards the end of winter, would not 
hold, in caſe froſty nights, or ſome other powerful cauſe intervened. 
Twere proper, alſo, to obſerve, whether there be not a correſpond- 
ence bet wixt the hygrometer, and barometer,; and, if there be, in what 
kind of weather, or conſtitution of air, it is moſt, or leaſt to be diſcerned. 
And this enquiry: ſeems the more dubious, becauſe the fame changes of the 
atmoſphere may, upon differing accounts, have either the like, or quite 
contrary operations upon theſe two inftruments. For, in ſummer, when 
the atmoſphere is uſually heavier, the hygroſcope is uſually lighter : ſome 
ſtrong winds, as with us 'the' north-weſt, may make both the atmoſphere, 
-and” barometer lighter ; whereas, ſoutherly winds, eſpecially if accompanied 
with rain, often make the atmoſphere lighter, - and the ſpunge heavier. 
On the other fide, -I obſerve, that eaſterly winds, eſpecially when they 
begin to blow in winter; tho', by reaſon of their dryneſs, they make the 
hygroſcope lighter; yet, at leaſt here, at the weſt-end of London, they com- 
monly ſhew the air, by the barometer, to be heavier. - It were, likewiſe, fit 
to be obſerved, particularly by thoſe who live on the ſea-coaft, whether the 
daily ebbing, or flowing of the ſea, do not ſenſibly alter the weight of the 
hygroſcope. ITwould, alſo, be very convenient, to take notice, at what 
times of the day or night, cateris - the air is moſt damp and moſt dry; 
and not only in ſeveral parts of the ſame day, but in ſeveral days of the 


ſame month; eſpecially on thoſe, wherein the full or neu moon happens. 


And this ſeems a more hopeful way of diſcovering, whether the full moon 
diffuſes a moiſture in the air, than thoſe vulgar traditions of the plumpnefs 
of oyſters, ſhell-fiſh, the brains of ſome animals, the marrow in their bones, 
Cc. It may alſo be noted, whether monthly ſpring-tides, eſpecially when 
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de ipgtoſcopes ade of an Sten beard; aft lone thomks, be 
— e s tiade.-of':ant:oaten „ m , begin to 
| Wyre ae drying and ſhrink; ſo W ne ol the varying degrees of the thoi- 
Harm" ſhure. f The: air, is nt ſo duddgn as before ;, and the. informations they 
Wr aalen. gave of the degrees of it. ſeſpocially towards, the. ontmoſt baunds af their 
power, to.ſhew, the fair g alterations, become more and more irregular. But 
the durableneſs, and other convenient qualifications of our ſpunge, making 
its capacity af doing ſervice more. ings. may. the better help us: to com- 
pare the g reateſt mdſture and dryneſs, both of. the ſame ſeaſori; and of the 
-ſeaſous ofioneipeax, with the. correſpondent, ones of another. And, if the 
weight of the ſpunge, at a proper time, when the temperature of the air is 
neither conſiderably moiſt, nor cunſiderably dry, be taken for a ſtandard; 
aa perſon may, hy computing for how, many days, at ſugh an hour, and how 
much, at: that hour, it Was, heavier or lighter than the ſtandard ; and, alſo, 
E e reſult af ſuch ap account, in obe year, with the reſult of 
the Ike adcpuntiin another, be aſſiſted to make a more particular, and near 
eeſtimate of be diſſeririg temperature af the aix, as to moiſture and dryneſs, 
il one year than in another; and in any correſpondent ſeaſon, or month, 
aſſigned in each of the tWo ears propoſed. And, how far the compariſon, 
or continuance of ſuch oþſervations, both 1 and alſo in 
different countries, and climates, may be uſeful to phyſiczans, in reference 
to thoſe, diſeaſes, here the moiſture and dr yneſs the air bave much in- 
tereſt j and the husbandman, to foreſee what, ſeaſons will prove friendly, 
or unkind, to particular ſails and vegetables; it muſt be the work of time 
sto each us: in: the interim we have no reaſon to deſpair, that the uſes to 
be made af ſuch obſervations, may prove conſiderable. Aud if, by the 
reſult of many obſervations, men..may be enabled to foreſee the tempera- 
ture of a year, or even of a Fs wg it may advantage other profeſſions of 
men, who receivre much profit, or prejudice, by.the great dryneſs, or ex- 
eeſſive moiſture of the ſeaſons. Not to mention. thoſe ha cultivate hops, 
\{affron; and other plants, that are tender, and bear a great price; ſuch a 
Foreſight, as we arg ſpeaking, of, may, be of great uſe to ſhepherds, who, 
an ſeveral arts. of — often ſuſtain,preat loſſes, by the rot of ſheep; 
which uſually happens through exceſs of moiſture, in certain months of 
the year. And, in order to lay foundations, whereon to build predictions, 
it may not be amiſs to regiſter the number, magnitude, and duration, of 
the conſiderable ſpots, that may at this, or that. time of the year, happen 
.to appear, or be diſſipated, on, or near the ſun ; or, to take notice of any 
extraordinary. abſence of them; and to obſerve whether their apparition, or 
.diffipation, produce 3 the hygroſcope. This, indeed, I ſhould 
not venture to propoſe, but that eminent aſtronomers have caſually obſer- 
2 dryneſs to attend the extraordinary abſence, or fewneſs of 
the ſolar ſpots. And ſuch perſons as are aſtrologically given, may ex- 
tend their curipſity, in the uſe of this inſtrument, to obſerve, whether 
celipſes of the ſun and moon, and the great conjunctions of the ſuperior 
planets, have any remarkable effect upon it. I 
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| 
V. ma ble alteration, in point of weight; as it alſo, | | 
5 remov — out of 8 — = a en- {ig ſun ſhone: for, — Le 4 
tho the ſeaſon were not warm, it bejng the n the month of Lan yet, compare the | 
n three "ah, of an hour, the {| © loſt a, 24th part 0 its weight, — 
We may, allo, in ſome caſes, uſef ly ſtitute a broad piece of ſheep s- the 2 7 — 
leather by diſplaying it to the wind. For this bp Yy reaſon. of its —_ — 


ge in proportion to its breadth, a very la cies immediately weather. 
be . 2 


Fc to. the wind, we found it to alter d thereby; 
705 half ap ounce. of it, wel- prepared, being kept, for an hour, in a 
place — — the ſun- beams might not beat upon * did, in a Lrong 
wind, TY an eighteenth rt! of its origins} wich weight But tho I think it 
TY, poſſible PI make ſuch obſervations of rature of particular 
winds, as will frequently prove ſo true as to 1 at leaſt, to thoſe 
who liye in the places where they are made; yet I am of opinion, that, 
to be able to ſettle general rules, to determine; with any certainty, the 
17 ality of winds, according to the ace tlie . from whence hey 
blow, great waxineſs wall. [op 098 who. has not. ſome 
compar t Sill in n pies” a9 caſmography, "ne be Very; ob e to mir 

in forming his rules. 
For, winds that Roy, from the ſame quarter, are not, in "Gena countries, 
of the Jams, qual ity. they are in moſt others; but n of the 


$199 on Over which they blow, in their paſſage to us. At Auchangel 
ey e erve, ©: tho' a —— almoſt every where elſe, without phe 

uces. froſt in Winter, 5 is there attended with a-thaw ;- probably 
ry; e es over the ſea, which lies north from that place: and 


e contrary, a ſoutherly. wind, blowing over a thouſand, or twelye 
To d ag of frozen ls ,rather increaſes the froſt, than brings a He 

wings, Me ire ie drying, are ſaid in gone 

WIE told, 9 een wind in Egypr, is the m 

es, ſpeaki changes M the air, with regard to 
. 10 5 — Bee gforms as; that abougtThalouze, the 
"Fine es, the ground, and the north. gives rains. On the con- 
— arbonne to Lyons, all over Fea and Devin, the NR 

ag 


and tl 
EE, the r or FILED of the wind, though . 
ing over N may much diverſify its ESP on--the hygroſ- 
cope 5 Dem Wind * * hich, hen it blows oderately, appears 
mazſk, by 3 8 may, when Tae, or impetuous, male the in- 
frumpnr Wligbrer; une 2 5 driving away more vapouts, by the 
agizazion pt. parts it makes in the ſpunge, han is ced by thoſe aque- 
ous JAPQUES Aae Are een t ala with it. And: froſty weather, as we 
found often 5 6 oſcope grow ligl er, — at e but ar 15 
renter Th laſted. nor long, "added, mer] 
oy " it ha has been nd a, har miſts 
1 2 - «pt Fr & 
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ws yr removing the ſpunge into t the wind, that it ſoon re- Sxzarzigs- : 
© 
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Srares: © Nay, tis probable, that à tranſient cloud, in fair weather, may be ma- 
SYN nifeltly obſervable by our inſtrument. For, the th of September, bein 
for the moſt part, a * ſun-ſhiny day, and tho, about ten a deck 
in the morning, the ſun thone brightly, the ſpunge began to preponderate; 
which unexpected phenomenon made the perſon, in whoſe chamber the 
inſtrument was; look out at the window, where he diſcover'd a cloud that 
darker'd the ſun ; but, after a while, this being paſt, the balance return'd 
to an equilibrium. And, Ihave more than once, or twice, obſerved, efpe- 
cially in ſummer, that when the air grew heavier, the hygroſcope either 
continued at a ſtand, or, perhaps, por lighter ; as if, when ſuch caſes 
happen, the effluvia that get into the air, either from the terreſtrial, or 
ſome other mundane globe, were not fit, like vapours, to enter and lodge 
in the pores of the ſpunge; and ſo were corpuſcles of another nature; 
with which, when we find by the baroſcope, that the air is plentifully 
ſtock d, it may be worth while to obſerve, whether any, and what kind of 

7 0 meteor, wm — 1. oe, — 1 eſpeci | _ E 
As it is of great uſe, in re of mens health, ially if the 

yon be of a dende of ſickly Saen and for the conveniency of * ke / 
ede ing fleſh, ſeveral ſorts of wares, Cc. that are ſubject to be damaged by 
yeoms in the ſame moiſt air; ſo this may be readily and manifeſtly derived from our inſtru- 
_ ment. For, by removing it into ſeveral houſes, or into ſeveral parts of 
the ſame houſe; and letting it ſtang, for a competent time, in each, we have 
Ives notable difference; of which I ſhall here give two or three 
nenen & Gt Ren op 
Having, upon the toth of October, taken a piece of fine ſpunge out of 

a cabinet, and clip'd it till it weigh'd juſt half a dram, in a nice pair of ſcales, 

and a warm room; we afterwards removed them into a neighbouring 

room, deſtitute of a chimney.” This ſtatical hygroſcope, was, Oł tober 12. 

at night, removd into the former room, and the ſpunge found to have 

gain d three grains, and an eighth; and, conſequently, more than a tenth 

part of its firſt weight: but, being ſuffer d to ſtand in this warm room; in 

{s than twelve hours, it loſt a grain, and about one eighth of its former 

weight; though the time it ſtood in this room were, for the moſt part, 

night, and the weather rainy. 9 e 44 

At another time, we took a piece of very fine ſpunge, which had for- 

merly weigh'd juſt a dram ; but having been, for many months, kept in a 

very warm room, it was grown much lighter : for, removing it into an 

upper chamber, in a ——— LH, and weighing it in tender ſcales, in 

the evening twas found to want four grains, and three quarters, of a dram; 

and tho 2 e was 8 yh any nc oy and _ . ſtood not far —.— it, 

et, in a ſhort time (the day being foggy and rainy) the fpunge viſibly de- 

Preis its ſcale three . and, the next morning, was an to wie but 

one grain and a half, of a dram ; ſo that it had gain'd about three grains 

and à quarter: and the following evening, being the ſecond of January, it 
wei eie dem a grain, and almoſt a half. So that in about one na- 
tural day, the ſpunge had acquired —— COSLITIFUIAN'Y 
2 * a — that 


1 


* 


anſwerably to what the manifeſt conſtitutions, or variations of it, ſeem d 
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that is, a tenth part of its firſt weight; and a greater rtion to the Saris. 
weight it had the day before. The third of 1 — being 

et moiſt, the weight exceeded two grains: but about three or four of the 
clock, in the afternoon, it began to loſe of that great weight, which dimi- 
niſh'd more by the next morning; the weather having chang'd that night, 
and become froſty. | ö 
A dram of ſpunge, that had, for ſeveral weeks, been kept in a dry room, 
was (January 10.) carried out into a room, where a fire is not uſually 
kept; the weather being extraordinary foggy : the next morning it was 
brought into the former room ; and though, now the weather was clear, 
it appear d to have gain'd about eleven grains in weight; yet it preſent- 
ly loſt two grains, by ſtanding in this room. 


In ſmall chambers, I have often obſerved a moderate fire to alter the n. Sith aſe, to | 


| 


: 
o 
* 


| 


weight of the inſtrument, placed at a diſtance from it, after it had been e)/erve, is p | 


well kindled for a very little while; but, in wet weather, if the fire were t N the 


not ſeaſonably recruited, with freſh fewel, the decay of it would ſoon begin preſence, or. ab: 


to be diſcernable by the inſtrument. 2 1 6 
Suppoſing the alteration of weight in our ſpunge, to depend, only, upon n. fxth uſe ts 


the degree of the moiſture of the air; if a convenient part of the room be d * 
in any aſbgn 
degree 425. 


choſen for the hygroſcope, and it be kept conſtantly there, tis eaſy, from 
time to time, to perceive when t will be requiſite to increaſe, or moderate */* 
the fire, ſo as to keep the ſpunge at that weight it was of, when the tem- 
perature of the air of the chamber, as to dryneſs and moiſture, was ſuch 

as is deſired. I have, ſometimes, obſerved, with pleaſure, how manifeſt 
and great a change, in the weight of our ſpunge, would be made, when 
the room was waſh'd, and, for a conſiderable time after; tho a large fire 
was kept in it, to haſten its drying. 

- Beſides theſe ſeveral uſes of our hygroſcope, there may, poſſibly, be 
many others ; and, perhaps, by a little alteration, and improvement, 1 
might be made capable of ſhewing ſome difference betwixt ſteams of differ- | 
ing natures ; as thoſe of water, ſpirit of wine, chymical oils ; or new kinds 

ſubſtances in the air, wherein 1 ſuſpect there may ſometimes be diſperſed 
our plenty of unknown corpuſcles. For, I haye, more than once, ob- 
erved, the hygroſcope not to be affected with the alteration of weather, 


plainly to require. Whether unobſerv* d particles perform'd this, by 
making the other ſteams, in point of figure, or ſize, unfit to enter the minute 
pores of the ſpunge; or by diſſipating, or otherwiſe procuring the avolation 
of more of the watery particles, than they could countervail, Iſhallnot now 
examine. And, perhaps too, by aſſociating this inſtrument with the ther- 
moſcope, baroſcope, Cc. it might be ſo improved, as to help us to fore- 
ſee many conſiderable things, that either are, themſelves, changes of the air, 
or — 4 thereof : for inſtance, ſickly and healthful conſtitutions of 
the air; barren, or plentiful ſeaſons, in particular places or countries ; ſtrong 
hurricanes, earth-quakes, inundations, and their ill effects; and eſpecially 
thoſe accidents that depend much upon the ſurcharge of the air, with 
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Srarzes, orher-exhalations, and . . which before · hand operate ſ 
* 


'd. 


7 


upon our inftrument.; and therefore may be diſcernable by it, long 
arrive ar that height, which makes them formidable meteors. 2 


| if it were but the f approaching rain; this very thing may, on 


occafions, prove ver iceable, and recommend our inftrument, 
which often receives — 9 earlier impreſſions from the ſteams that float 
in che air, than our fenſes do; fo that Lhave been able to faretel a homer 
ef rain, efpecially in dry weather, far a conſiderable time before it fell. 
And here I muſt advertiſe, with zegard to aur \ipftrument, as well as 
the barometer, chat if a theory, or hypotheſis, in itſelf rational, 9 — 
agreeable to what h happers the moſt uſually in ebſexvatiqn.; it ought not. to 
be rejected, or laid aſide; tho'; ſometimes; particular inſtances may call 
Ar in queſtion. For, tis very poſſible, that the theory, or hypotheſis, may 
'be:as good n wiſe man would require, about ſo mutable a ſubject as 
ehe weather. And the cauſe aſſign diby the hypetheſis, may, really, act ſui- 


* jd to hat that requires, tho a cuntrary / eſfoct enſue, hy reaſon of this 


ber cher time invatdles: the air. 


e being accidentally over- ruled, by ſome more powerful. agent, which 
Thus we knew, that tidas 8 general, 
witluthe motions af tha moon; ant generally ebb. and flow at 


| Kei times, and in: ſuch meaſures, as the theory, gronuded on chat corre- 


pondence, requires: yet ſeamem hind, that in: this, or that particular har- 
bour, or mouth of a river, feree contrary. wigs, great land: floods, and. 
other eafual cauſes, ſometimes, both very much diturb thecrogular courſe 
dfthovides, :andieither increaſe, or loſſen ahem. 


SE CT. II. 


e no ſmall influence, ITY 
Abd de mens — tho did · not ſo often teach it, 
== non from its oporation upon the dry. and firm. parts of 
animals ; and even in thoſe cafes, vrhere, for — — or. hiker: im- 
iments, it cannot produee any ſenſible degree of. putrefaqtion. 

The sxms of animals may eafily. he inv heb moiſt. particles of 
the air, becauſe of the great 4 of. their pores; which may. be conclu- 
ded from their hairineſs, cheir ſweat, or both. And: I. ry obferved, 
that ſheep s. leather imbibes the moiſture of che air, and in- weight 
upon it, as plentifully as almoſt any body I have e — oe it. 

But to ſhe w, erat much cloſer membranes, pd Which nature made to 
i 5t6fuch a liquor as urine, may be affected by the vapours of the 

1 chat having. purpoſely a eg — fine,: vrell⸗hlown 

rs, and, ad far as appear d of a -very'clole-texpure, ..and counter- 
pou'd chem in ; I-found/they * e 
eir 
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their weight in moiſt; and loſe it again in dry weather; fo. chat I might 97 21 
have employ d the moſt membranous part of a bladder, to make a ftatical \/ VU! 


And tho bones are the firmeſt and moſt ſolid parts of animals 3 and, as 
it were, the pittars.by which their fabric is ſuſtain d; yet, even theſe may 
be pieſc d, and ſenſibly affected, by the moiſture of the air. For, having 
cauſed tlie skeleton of a human body, to be ſo ſet together, that by the 
help only of ſlender wires, artiſicially orderd, the natural motions which. 
the muſeles make of the bories, might be well imitatod ; I obſerved, that 
tho' in dry, and fair weather, the flexures of the limbs might be readily 
made; yet, in very moiſt weather, the joints: were not eaſily bent; as if the 
parts were grown ſtiff and rigid: which ſeemꝭd to proceed 4xom the meiſt 
particles of the air, which having plentifully inſinuated themſelves, at che 


pores, into the bones, had every way diſtended them, and thereby made the 


parts bear harder againſt one another, at the junctures, or articulations. 


But, farther, tie moiſture of the air may exereiſe a conſiderable force, ff.. regel- 


eren upon inanimate, and — bodies. Even well · ſeaſon d wWeod, 
will fuffer a kind of divulſion of a multitude of its parts, and -be-manifeſt- 
ly diſtended by aqueous corpuſeles getting into its;pores. Having 7 


a piece of ſound and ſeaſon d wood, of about an inch in diameter, to be 
turn d exactly cylindrical, and alſo a riug of braſs; or ivory, to fit it; ſo 
that it might, With eaſe, be put on, and taken off: we ſet the piece of 


wood in fair water, and left it to ſoak there for ſeveral hours; tat the 
end of which, it was viſthly ſwelld: ſo that the ring which was ad juſted to 


it before, was manifeſtly too little to go again upon it; or, with its ori- 


ſice, to cover the Whole baſis of the diſtended cylinder; which, aſter- 
-wards, being dry d in the -air; ſhrunk into a capacity fit to enter the ripg 


in. And, in this experiment, I took notice, that che: great diſtenſion 
of the wood, was not produced all at once, or fon after ĩt was put into 


the water, but it fwelfd by degrees, and lay Waking there for ſeveral 
hours, before it arrivd at its utmoſt dimenſtons; the aqueous corpuſeles 


=" 


"requi! ng, it - ſeems,” ſo mueh time to inſinunte themſelves, ſufficiently, into 


the wot 
bout them, to hinder their dilatation. 


And to manifeſt, that even in ſummer, there are aqueous vapours float-" 
ing in the air; within ſome days of Midſummer, and in clear fun-ſhinywea- 


ther, we took a pint glaſs· bottle, and having put into it a convenient quan- 
tity of water, placed it, and four ounces of benten ſa-armoniaci in one ſcale 


of a good balance, and a' counterpoiſe in the other; and then, putt inge 
m re- 

main d, yet when the frigoriſic mixture had foſficiemly cool'd the oufide 
of the bottle, the — — of the air, that chanc d to paſs along the 

y the contact of that cold body; arreſted, and 

turn'd into a kind of dew, which, from time to time, made tho ſrale, that 

held the glaſs, preponderate more and more: and, at length, the drops. grow 


ſalt into the water, I obſerv'd, that tho“ for a while the» 


furface of the veſſel, were; 


| : which argues, that the internal parts were, hkewiſe, affected, 
tho when theſe came to fwell, they had a great tinckneſs of Wo a- 


ing 
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larger, 742, in ſmall rivulets, down the Hades ef the glaſs. So that in 
than 


4 4 
Ac. me | 
* Hour, the ebridens'd teams amounted to near'a dram, which 


* 


welptitawas; after warde, much increas'd within about two hours more. 
© And that the multitude, figures, and motions of theſe particles, in the 
def vapour; may enable * diſplay no ſmall force in their opera- 
Bons on Come boches, appears from the breaking of the ſtrings of muſical 
inſtrumentꝭ, firſt brought to a ſtrong tenſion, in rainy weather. For the 
vapgurs which then wander through the air, inſinuating themſelves into 
ttheſe ſtrings, diſtend and ſwell them, and thereby endeavour to ſhorten 
them, ſo foxcibly, that they often break with a ſmart noiſe and great vio- 
"lencet and if we conſider how great a weight ſome of the bigger ſtrings of 
© baſe-viols; that have been obſerved to break in moift weather, require 
to ſtretch them „e this effect of the moiſt air will appear to 
require à very great force. mw 1 1 


And even upon Beſides, an ancient muſician, and a great organ-maker, inform'd me, 
that the wire-ftrings of muſical inſtruments will, for the moſt part, be out 


oe olf tune in wet weather; the ſtrings then, generally, affording their notes 


© ſharper than uſual; and that, upon great changes of weather, ſeveral 
organs would (after they had been long tuned) grow ont of tune, the 
[wooden pipes ſwell, and the metalline ones be untuned. | | 
But if bodies be of ſuch a conſtitution, as to aſſiſt the operation of the 
« moiſt air, the penetrancy and efficacy of it may be ſtill more conſidera- 
ble. For, there are ſome kinds of thoſe marcaſites that yield vitriol, which, 
- whilſt they lie under ground, or are cover d with the ſea-water, on 
© ſhores, retain a ſtony hardneſs, and are often taken for mere ſtones; yet 
- credible perſons have, caſually, obſery'd, that theſe, being expoſed to the 
air, would, in tract of time, be ſo penetrated by the moiſt particles of it, 
as to ſwell and burſt. That this will happen to ſuch kind of dane by the 
' © help of rain, experience has perſuaded me; and that it may, alſo, happen 
even to very hard and ftone-like marcaſites, when they are merely expoſed 
to the air, I am apt to think, from ſome tryals of my own. For, from 
- ſhining marcaſites, tho kept but in my chamber- window, I have had vi- 
rriolate efflore ſcencies, which ſeem'd to be produced by the action of the 
piercing moiſture of the air upon the mineral. And I remember, that very 
rd and heavy lumps of a marcaſitical ſubſtance, which ſeem'd to be 
ſtony, were ſo diſpoſed to be wrought on by the air, that tho” kept in my 
- own chamber, or other cover d places, yet in a ſhort time were ſo pene- 
trated by the moiſt corpuſcles of the air, that they burſt into many pieces, 
- which fell from one another; and ſeveral of the divided portions might, 
: 2 be crumbled bet wixt one's fingers. And of ſome of theſe I have ob- 
ſeryd, that a vitriolate ſubſtance was produced more plentifully in their 
innermoſt parts, than on or near their outſide. So that, conſidering how 


great an external force would have been requiſite to make ſuch a commi- 
nution of minerals thus ſolid and hard, tis obvious, that the air's moiſture 
is capable, when it meets with fitly-diſpoſed bodies, to exerciſe a far 
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And thinking it probable, that ropes-themſelves | im- 
WE pe prong et rs moiſture - of the air, and that ſo as to ſhrink in 
rainy weather, tho clogg'd with a weight faſten'd at the lower end; I firſt 
caus d a rope, that was about twenty yards in length, but of no great thick- 
neſs, to have one of its ends faſten d to an immoyeable body, at a conve- 
nient height from the ground, and a pully to be fo faſten d to another ſtable 
body, at the diſtance of eighteen or twenty yards from the firſt, that the 
rope, re, upon the pully, lay almoſt horizontally. But to the end of 
that part of the rope, which, from the pully, reach d within two or three 
feet of the ground, was faſten d, by a ring, a leaden weight of fifty pound. 
To this was, alſo, faſten'd a light index, placed horizontally, whoſe end 
moved along an erected board, which by tranſverſe lines was divided into 
inches and parts of inches, reaching a conſiderable way upwards and down- 
wafds, that the index might, within thoſe bounds, have room to play, ac- 
cording to the — of the N * | 
It being now ſummer, we placed this apparatus in a garden, tho part- 
ly under - pent-houſe, that the rope mage be more expoſed to 2 
than it would have been within doors; and in two or three days, the 
weight had brought the rope to the utmoſt ſtretch that was able to give it: 
after which, it began manifeſtly to ſhrink and lengthen, according to the 
weather. So that once looking, over-night, upon the ſuſpended weight, and 
marking how low it reach'd upon the divided board; when I came again 
the next morning, a great part of the night having been rainy, I found the 
cord ſo ſhrunk, that the weight was rais'd above five inches: yet the day 
growing dry and windy, and ſometimes warm, the weight had, at night, 
ſtretched the rope more than the moiſture had contracted it before. 
Afterwards having procured a far greater weight, I ſubſtituted it in the 
place of the other; and having ſuffer'd it to ftretch the as far as it 
_ I regiſter'd ſome obſervations about it; two I ſhall here ſet 
June 4. At half an hour after nine at night, Ilook d upon the hundred 
weight that hung at the bottom of the rope, the weather being then fair; 
and a mark being put at that part of the erected board, where the bottom 
of the weight touch'd, I perceiv'd the sky a while after to be cloudy and 
overcaſt, but without rain: wherefore going to view the weight again, I 
found it in an hour and a quarter to have riſen a quarter of an inch, or more. 
June 6. Yeſterday the weight was obſerv'd to reſt at the eleventh inch 
of the erected board. This morning about eight, I found it riſen about 
half a quarter of an inch above the eighth ; the morning being cloudy, tho? 
the ground very dry and duſty. The weather being overcaſt, within leſs 
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than an hour afterwards, (ſome ſcatter'd drops of rain then beginning to 


fall) I found the weight riſen about half an inch above the eighth _ — 
ence 


* Dr. Furin, to gain materials for an ex- | weather, and to ſend in their accounts of 
act meteorological hiſtory, deſires the cu- —— to the ſeeretaries of the Royal 
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OL, | 


ere, being compared with thoſe 


. 


1 


W is not ſmall, ſinoe it could raife an 
pare of ta ke the IEEE SCG the third 


Part of an 
the order 


. 


e reſult may 7 N in "heir 
Fan 
Dodo 


As ſuch 's work, for its 
uſefulneſs, is highly defirable, we 
here > ed bs | which the 
ſerted in ſuch « journal, 
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iſe times wherein each happen'd, and 
— ts of che barometer correſpond- 

times. 
Br. "That the common barometer, artifi- | c 
fII'd, be made choice of, the tube 
being z Or 3 inch in diameter; and * 
veſſe containing the mercury, 8 
or 10 times wider than the tube. 
4. If a portable baremeter be em- 
4 d, the recommends thoſe of 
at 8 artiſt Mr, Hawkibee, in Crane- 
Court, Fleetfirert ; who alſo (ſays 'the Doc- 
tor) — 2222 
5 If One other thermometer be uſed, 
Doctor defires that its ſituation, Aruc- 
ture, ſcale, and the name of the perſon 
who made it, may be ſet down. in the dia- 
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* That they may be the better com- 
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paved rogerher, ogpther, the DoRor farther defires, 
t the firſt tome may exhibir the ey 
and hour of the ob 


tion, old ſtile; 
foot, and their —— 17 
that the * _— I. 5 x 
free and decimal 
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of the weather. That the laſt may 
Els, wite height of the rain or ſnow when 
ifloly'd, which fell fince the preceding 
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be The quaitity of — 
n, very 
—— tells us, may be ealily 
ed by means of a funnel two or 
three feet — ſet in a cloſe narrow- 
mouth'd veſſel to receive the. ter falling 
in an open place, and a cylindrical men- 
ſure divided into inches and decimal parts. 
But the diameter of the cylindrical mea- 
ſure ſhould be 10 times leſs than that of 
the funnel; whence an inch height of 
water in the meafure, will appear to have 
inch upon the 
funnel, and ſo for e parts of 
an inch. Ar the end of every month and 
year, the Doctor defires may be ſet down 
the mean menſtrual and annual height of 
the barometer and thermometer, as like- 
wiſe rhe ſum of all the heights of the rain 
that has fallen each month or year. Sce 
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aA out at; ſo that it could not be remoy'd from its poſition, nor be eaſily made 


about an ounce and of common ſulphur, was put into a taller and 
broader crucible, and that herein the copper. , inverted into the 
orifice of it, that ſo thefalphur being Kinched, che flame might reach the 


late, and have N yond it, at the hole abbve-mention'd. The 
. burn'd about two hours, in which time it feem'd all to have been 
reſolv d into flame; nò flowers of ſul appearing to have ſublim'd in- 
to the inſide of the — And tho” che eopper- plate were at a 
conſiderable diſtance the fired ſulphur, yet the flame ſeem'd to have 
actually penetrated it, and to have made wr'wlibly ſwell, and grow thicker ; 
which appeard to be done by a real acceſſion of ſubſtance ; fince, after 
we had wiped off ſome little Rs ſordes, and, with them, ſeveral parti- 
cles of copper, that ſtuck cloſe to them, the plate was found to weigh near 
thirty-two grains more than at firſt; and, conſequently, had increas'd 
its former weight, by above a fifth part. 
2. Having, by refining one ounce of ſterling ſilver, with falt-peter, re- 


- duced it to ſeven drams, or fomewhat leſs ; we took a piece of it, that 


weigh'd fifty-eight grains, and ardering it, as the copper-plate, in the 
former experiment. After the flame of aboye one ounce and a quarter 
ſulphur had, for about an hour and half, beat upon it, the ſilver plate ſeem'd, 


ro 


re and Flame weigh d. 


389 


to the eye, ſomewhat ſwell d; and the lower ſurface of it, next the flame, Srarics. 


was brought to a great ſmoothneſs; the weight being increas'd to one 
dram, ſive grains, and three quarters; which acquired weight, falling ſo 
ſhort of that gain'd' by the copper, the difference may, perhaps, be attri- 
buted to the cloſeneſs, and compactneſs of the ſilver, argued by its being 
heavier, in ſpecie, than copper; or to the greater diſpoſition of the pores 
of copper, to be wrought on by the fiery menſtruum“. 

Nor is it ſtrange, that, the particles of flame, which are either of a ſa- 
line, or a piercing terreſtrial nature, being wedg'd into the pores, or 
being brought to adhere, very faft, to the little parts of the bodies, ex- 
— to their action, the addition of ſo many little particles, that want 
not gravity, ſhould, becauſe of their multitude, be conſiderable upon a 
balance; the? a few of them would have no viſible effe&. 


3. Into a very ſhallow. crucible, we put one ounce of copper-plates, That fre way 
and ſet it in a cupelling furnace, where twas kept for two hours; and 4 i fes. 


then being taken out, we weigh'd the copper, which had not been melt- 
ed, (having firſt blown off all the aſhes) and. found it had gain'd thirty 


grains, | 
4. We took an ounce of copper filings, and putting them upon a very: 
ſhallow crucible, and under a —— kept them there for abour 
three hours ; and afterwards taking them off, we found' them of a very 
dark colour; nos melted, but caked together, in one lump; and increas'd 
in weight, the aſhes and duſt being blown off, no leſs than 49 grains: 
part of which increaſe, above that obtain d by the copper plates, may, 
probably, be due to the longer time that, in this experiment, the filings 
were kept in the fire. 
. 5. We weigh'd out one ounce of ſmall-lumps of hartſhorn, that had been 
burn'd till they appear d white; and having put them into a crucible, and 
kept them in a cupelling furnace, for two hours, we found, when they were 
taken out, that they had loſt ſix or ſeven grains of their former weight; per- 
haps, becauſe the internal parts of ſome ft them, might not be iſitely cal- 
cined, but retain'd ſome oleaginous, or other volatile ſubſtance; or becauſe, 
baving omitted to burn them well, before they were weigh'd, they might, ſince 
their firſt calcination, have imbibed ſome moiſt particles of the air: for ha- 
ving kept them awhile in the ſcale, wherein they were weigh'd, they did, 
within two or threg hours, make it preponderate. At the ſame time with 
this hartſhorn, we; alſo, put in one ounce of well-heated brick, and kept 
that, likewiſe, in the furnace, for above two hours; at the end of which, 


. | gain'd in weight from the fire, - For, the 
priſm of iron, that weigh'd three pound, | experiment being made in the open air, 
in ſcales which would turn with 25 grain, | and the metal bein — apor by hear, 
afterwards heated the priſm red hot; | 'tis plain, that the Rock c gravity of the 
when examining it again, by the ſame ba- | heated metal, was decreas'd by the ex- 
lance, be ſtill found it exactly three pound: | panſion, ſo as to be then lighter, with 
whence he juſtly concludes, that it had ] reſpeR to the air. De materia ſubtili, p. 8, 9. 


_ 


* M. Muſchenbroeck, count erpoizing a 


OWN 


weghing ir, whilft it continued hot, we did not find it to have either 
ſthly gyt ar loft; but, ſome time after, it feem'd, upon the balance, to have 
imbibed a httle moiſture from the air. 4 N 
6. Upon 2 cupel, we an ounce ih tin, better 
1 —— under a muffler, tho it pre- 
| melted, yet it did not forfake its place, but remain upon the con- 
cave ſurface of the cupel, till, at the end of about two hours, it d 
te have been well-calcm d; and then being taken out, and weih'd by it- 
ſelf, the ounce of metal was found to have gam'd ve lefs than one 


* 
4 


] 


J. Au dune of lead was a cupel, made of caleined hartſhorn, 
and under — — was firſt made hot, and then 
weigh'd. This lead did not enter the , but was turn d inte a kind of 
lil on the top of it, and broke the cupel, ſome parr of the 
later was loft in the furnace; yet the reſt, together with the li 


under —— we bn but two — and two grains, yet now, 

8 ing put into the oppolite it gain d, very near 21 grains. 
| here note, that twas not without — $6-< F weigh'd the 
eapet red-hot: for Thad a ſuſpicion, chat notwithſtanding the drynefs of the 


oy go 

ter operation on it, be- 
than en any 

1 ſteel, being kept 

muffler, acquired onz dram, fix graivs and 

being put upon a eupe! under a muſſler, 

was: talen out, and — 

grains, and a 

drams, thirty- four 

We 


We repeated the experiment with half an ounce of the 

well refin d with lead, in our own laboratory, and kept them a 

hours upon the cupel; when taking them out, we found them of a tefs 

—— than before, and melted into a lump, which weigh 'd four 
ins. | | 

11. Wersek a dram of the filings of zink, or ſpelter, and, — 7 
it upon a cupel, under a muffler, we kept it chere, in a cupelling fire, 
for about three hours; then taking it off, we found it to be caked into a 
brittle dark-colour'd lump, which look'd as if the _ had bren cal- 
cined. This being weigh d in the fame ſcales, gain'd fix grains. 

12. Among our various trials, upon common metals, we thought fit to 
make one or two upon a metal brought us from the Eaſt- Indies, and there 
called Tatenag. Two drams of the filings of tutenag, 252 4 
cupel, and kept under the muMer for about two hours, the fili | 
not melted into a hump of metal; but look d as if powder'd ceruſe and mi- 
nium had been mix d together; ſome of the parts ring diſtinctly white, 
and others red; the calx being put into the balance, appear d to have 
gaind 28 4 grains. Another time, the experiment being repeated, with 
the like circumſtances, we found that two drams of filed tutenag, gave 
e 1 increaſe — Pong ws So that this Indian 2 to 

ve acquir d more in , In proportion to its wei ve 
have — made trial of. * * 


of 


13. To confirm, by a clear iment, that in all jons, the lead 
then employ'd, does not, t r with the baſer metals, to be purgd off 
from the ſilver, or gold, fly away in ſmoke; we took two ounces of good 


tead, and one dram of filings of ; and having caus d a cupel to be 
ignited, and ſuddenly taken out of the furnace, and weigh'd, whilſt twas 
very hot, we preſently put it back, together with the two metals laid on 
it, into the furnace: where, having been kept for about two hours, it 
was taken out again, and found to have nothing on the ſurface of it, worth. 
weighing diſtinctly, in the ſcales, wherein the cupel, with what was ſank. 
into it, amounted to four ounces, three drams, and eleven grains; which 
wanted but nine grains of the whole weight of the cupel, and the two me- 
tals, when they were, all three her, committed to the fire. So that 
tho we make a liberal allowance for the mcreaſe of weight, that may, with 
any probability, be ſuppoſed to have been atrain'd by the cupel, and. 
what was put upon it, yet it will eafily be granted, that much the greater 

rt of the metals, was not driven off in fumes, but enter d into the ſub- 

ance of the cupel. | 

After having ſhewn, that either flame, or the analogous effluvia of the 
fire, will be incorporated with metals, and minerals, expoſed naked to 

its action, I thought proper to try whether this flame, or — fluid, 
were ſubtile to exerciſe any ſuch operation upon the hke bodies, 
oat from its immediate contact, by being included in doſe veſ- 
Bs. 


24. We 


14. We took an ounce of new filings of ſteel, and having included 


" bodies be not im- " 4 
wediately expo DIES unluted, the filings appeared hard caked together, had acqui- 
fel tes red a dark colour, ſomewhat — black and bins, hd were — 
five grains in weight. At another time, an ounce of filings of ſteel, being 
ut _ two crucibles, in the ſame manner, after they had been 
rept about an hour and half in the fire, were taken out, and-found to 
have gain'd fix grains in weight. r 
15. We put two ounces of copper: plates into a new crucible, over which 
a leſſer was whelm'd, and luted the junctures; after the ſame man- 
ner, two ounces of tin were included bet wixt crucibles; and alſo, two 
ounces of lead: and all theſe, being put into the cupelling furnace, were 
kept in a ſtrong fire, for about an hour and a half; and then being taken 
out, the copper- plates, tho they ſtuck together, were not quite melted ; 
and ſeem d, ſome of them, to have acquired ſcales, like copper put into a 
naked fire; and the two ounces had gain'd eight grains in weight. The 
lead had broke thro” the bottom of the crucible, and thereby hinder'd the 
deſign d obſervation. [The tin acquired fix grains in weight, and was, in 
t, brought to a pure white calx ; but much more of it was melted in- 
to a lump, of a fine yellow colour, almoſt like gold, but deeper. 

16. We took one ounce of very thin copper-plates, and putting them be- 
twixt two luted crucibles, we kept them in the cupelling ce for abour 
three hours; and then disjoining the veſſels, we found the metal co- 
ver d with a dark and brittle ſubſtance; which, when ſcaled off, diſclo- 
ſed a finely colour d metal, that, together with theſe burnt ſcales, a- 
mounted to twenty-one grains above the weight firſt put in. 

17. We took a piece of fine block-tin, in weight half a pound; this we 
put into a choice glaſs-retort, and kept it for two days in a ſand furnace; 
which gave heat enough to keep the metal in fuſion, without cracking the 
am” then taking out the mixture, we carefully weigh'd it in the ſame 
and found the ſuperficies a little alter'd, as if it were diſpoſed to 
| calcination; and the weight to be increas d about two grains. 
42 5 18. We farther try d how much ſome bodies would increaſe in weight, by the 
they have beev fire, when they had already been expoſed to the vehemence of it. One ounce 
ö of calx of tin, made per ſe, being put in a new cupel, and kept under the 
muffler for about two hours, was taken out hot, and put into the ſcales, 
where the powder appear d to have gain in weight, one dram, thirty- 
five grains, by the operation of the fire ; which made it alſo look much 


whiter than it did betore. Warn 170 2 | 
19. Out of a parcel of filings of ſteel, that had been before expoſed to 
the fire, and had conſiderably increas d its weight thereby; we took an 
ounce, and having expoſed them at the ſame time with the calx of tin, and 
for the ſame time kept them in the fire, we took them out at the two 
hours end, and found the weiglit to be increaſed, two drams, twenty-two 
ins. The filings were very hard caked together, and the lump being 
* look d almoſt like iron. -* 2: 


1 


Fire and Flame weighd. 
20. An ounce and four drams of , which had endured a violent 
fire for an hour and half, being included 
poſed to a ſtrong fire for two hours, and ſuffer d to continue there till 
the fire went out, appear d, thereby, to have gain'd ten grains in weight, 
and to have, upon the ſuperficial parts of the plates, ſeveral dark- colour d 
* ſome of which ſtuck to the metal; but more, upon handling it, 
fell | 
21. We took eight ounces of block-tin, which, being cut into bits, was 
put into a good round vial, with a long neck ; and then warily held over 
quick-toals, without touching them, till it was melted ; after which, it was 


kept almoſt continually ſhaking, to promote the calcination, for near an 


hour ; the metal being all the while in fuſion, and the glaſs kept at ſome 
diſtance from the coals. For the greateſt part of this time, the orifice of the 
vial was cover d with a cap of paper, to keep the air, and ſteams of the 
coals, from getting into the neck: the vial, being afterwards remov d from 
the fire, was broken, and the metalline lump had a little darkiſh calx, here 
and there, upon the upper ſurface ; but much more beneath, where it had 


been contiguous to the bottom of the glaſs. Then putting all this, (care 


fully freed from little fragments of broken glaſs) into the ſame balance, with 
the ſame counterpoiſe I had uſed before, I found an increaſe of weight, 
amounting to eighteen grains, which the tin had acquired by this ope- 
ration. ' 

22. We then ſeparated the calx ; and having melted the metal in a cru- 
cible, that, by pouring it out, it might be reduced into thin plates, capable 
of being -cut in pieces, and put into ſuch another vial as the former, 
we weighd it again, together with the reſery'd calx, but found, 
that notwithſtanding all our care, we had loſt three grains of the 

ighteen gain'd we fog This done, we put the metal into another 
val ; which having a topple of paper, to keep out ſmoke and air, 
was held at ſome diſtance from the coals, only whilft the tin was melt- 
ing; being afterwards warily laid upon them, and kept there for two hours; 
at the end of which, tw¾as again taken off, and the metal weigh'd with the 
ſame counterpoiſe, and balance, as before; and then it amounted to eight 


ounces, twenty-four grains; and had much more ſeparable calx, than 


at the firſt time. 


Nor did I much wonder, that the weight ſhould be increas'd, in this 
laſt operation, but nine grains, in two hours; and, in the former twice 


as many, in half the time; ſince, during the two hours the glaſs was 


kept in one. poſture : but, in the firſt operation, it was, almoſt, perpetually. 


ſhaken, during the time 'twas kept in fuſion ; for tis obſery'd, that the 
agitation of melted minerals, will much promote the effect of the fire upon 
them, and conduce to their calcination. 2 

23. But, to prevent all ſuſpicion of any increaſe of weight, in the me- 


tal, ariſing from ſmoke, or ſaline particles, getting in at the mouth of the 


veſſel, I made the experiment in glaſſes, hermetically ſeal'd, as follows. 
Eight ounces of good tin, carefully weigh'd, we hermetically ſeal'd up in 
Vo L. II. Ee ec | 4 
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Srærics. 
betwixt two crucibles, and e- 
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Fire and Name weighd. 


Sraries 4,new, ſmall retort, with a long neck, by which *rwas held in the hand near 


- i * 
-» C ; 


a charcoal fire, that kept the metal in fuſion ; being now and then ſhaken 
for almoſt half an hour; in which time, it ſeem'd to have acquir'd, on the 
ſurface, ſuch a dark colour, as argued a beginning calcination ; and it 
both emitted fumes that play'd up and down, and, alſo, afforded two or 
three drops of liquor, in the neck of the retort. The glaſs was, at length, 
laid on quick-coals, where the meral continued above a quarter of an 
hour longer in fuſion ; but, before the time was come, that 1 intended, to 
ſuffer it to cool, in order to its removal, it ſuddenly broke, into a great 
multitude of pieces, and with a noiſe, like the report of a gun. In the 


neck we found ſome drops of a yellowiſh liquor, which had an odious and 


— taſte ; its ſmell alſo, was very fetid, not unlike the diſtill'd oil of 


24. Some tin, which had been, before, partly calcined in a glaſs, being 
melted again in a crucible, we weigh'd out juſt eight ounces, and theſe 
we put into a bolt-head of white glaſs, - with a neck above twenty 
inches long, which being hermetically ſealed, after the 2 had been a 


while kept over the fire left it ſhould break by the rarifaction of the air, 


the metal was kept in fuſion for an hour and a quarter. Being unwil- 
ling to venture the glaſs any longer, it was taken from the fire, and when 
own cold, the ſeald end was broken off; but before I could have the 
tom cut out, I obſery'd, that the upper ſurface of the metal was very 
darkly colour d, and very irregularly rough; and the lower part had, be- 
tween the bottom, and the under fide of the hump, a pretty deal of looſe 
dark-colour'd calx, tho the neighbouring ſurface, and ſome places of the 
lump it ſelf, look d, by candle-light, of a golden colour. The lump, and 
calx together, were weigh'd in the ſame ſcales carefully, when we found 
the weight to have increas'd above twenty-three grains; tho all the calx 
we could eaſily ſeparate, being weigh d by it ſelf, amounted not to eighty 


25. Two ounces of filings of tin, were carefully weigh'd, and put into 
a little retort, whoſe neck was afterwards drawn lender to a very ſmall 
apex ; then the glaſs was placed on kindled coals, which drove out fumes 
at the ſmall oriſice of the neck, for a pretty while. Afterwards, the 
glaſs, being ſealed up at the apex, was kept in the fire for above two 

and then being taken off, was broken at the ſame apex : whereupon 
I heard the external air ruſh in, becauſe, when the retort was ſealed, the 
air, within it, was highly rarified. Then the body of the glaſs being bro- 
ken, the tin was taken out, conſiſting of a lump, about which there ap- 
— {ome grey calx, and ſome very ſmall globules, which ſeem'd to have 
n filings melted into that form. The whole weigh'd two ounces, and 
282 grains. In the On of the retort, —— it was _ to the —5 
t a a iſh, and clamm ce, thinl whi 
ſmelt almoſt like Ne fer oil of tartar. a : 2 

26. We took an ounce of the filings of zink, carefully * and 

having, as carefully, put them into a round bolt-glaſs, we caus d the neck 


to 
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a And I obſerv'd, that the upper part of the glaſs was lined with a 

derkiſh grey ſublimate. The glaſs 2 

out, not only the filings of zink, ſome of which were melted into little 
lobules, but the flores too; yet, weighing all theſe in the ſame ſcales we 

d uſed before, we found above five grains wanting of an ounce. 

27. Having carefully weigh'd out four ounces of good lead, cut into 
little pieces, I put them into a ſmall retort with a long neck, wherein was, 
afterwards, left only an orifice, not much bigger than a pin's-head ; this 

laſs was kept over, and upon the coals, for above two hours; and then, 
— the danger of the glaſs's breaking to be over, we ſeal d it up at 
the little orifice, and kept it on the coals for two hours longer. Before we 
broke the glaſs, I perceiv'd the pieces of lead to have been melted into a 
lump, whoſe ſurface was dark and rugged, and part of the metal to have 
been turn'd into a dark-colour'd powder, or calx. All this being taken 
out of the retort, was weigh'd in the ſame balance, whereon the lead ap- 
pear d to have gain'd, by the operation, ſomewhat above thirteen grains. 

28. To ſhew that metals are not the only bodies capable of receiving an 
increaſe of weight from the fire,we ſeal'd up two drams of little bits of good 
red coral, hermetically, in a thin bubble of glaſs, and kept them warily, at 
ſeveral times, over and upon kindled coals ; and, at length, being taken 
out, found them of a very dark colour, and to have gain d, in weight, 
about 3 7 grains. 

29. And having taken very ſtrong freſh quick-lime, provided on pur- 
poſe for choice experiments, and expoſed it, before the air had time to 
flake it, upon the cupel, to a ſtrong fire, where it was kept for two hours; 
I found that it had increaſed, in weight, beyond my expectation : for, be- 


ing ſeaſonably put into the balance, the lumps that weigh'd, when ex- 


poſed, but two drams, amounted to two drams and twenty-nine 
nce it appears, that, notwithſtanding a body may, for many hours, or 


even for ſome days, be expoſed to a very violent fire ; Not it may be ſtill. 
0 


capable of admitting, and retaining freſh corpuſcles: ſo that, tho well- 
made lime be uſually obſerv'd to be much lighter than the ſtones where- 
of *tis made; yet the lightneſs does not neceſſarily prove, that, be- 
cauſe a burnt lime-ſtone has loſt much of its matter by the fire, it has, 
therefore, acquired no matter from the fire; but only infers, that it has 
loſt far more than it has got. And this may give ground to ſuſpect, that, 


in moſt of the foregoing trials, the acceſs of the fiery particles was Create | 


than the balance diſcover'd ; ſince, for ought we know, many of 
fixd particles of the expoſed body, might be driven away, by the vehe- 
mence of the heat, and, conſequently, the fiery corpuſcles that faſten d 
themſelyes to the remaining matter, might be numerous enough, not only 
to give the additional weight, found by the ſcales; but to make amends 
for all the fugitive particles that _ been expell'd by the fire. And, * 

ee 2 0 


to be drawn out very ſlender, and then order d it to be ſet upon quick- Sraro 
coals, where, being kept for four hours, there appear d, for great part of 
the time, ſmoke to aſcend from the zink, and get out at the unſtopp d 8 


dexterouſly cut aſunder, we toox 


| 
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eMunvia ; ſo that they come to be, as 'twere, incorporated with it; 


2 ſo fi da body as quick-lime, is capable of being wrought upon by the 


Jo 3 
Rerts of flame, 


ps, in other calcin d or incinerated bodies, the remaining calces or 
aſhes may retain more than the bare impreffion of the fire. By this expe- 
riment, and thoſe made in ſeal'd retorts, which ſhew, that what is afford- 
ed by fire, may, in a corporeal way, invade, adhere, and add weight even 
to fix d and ponderous bodies; there is a large field * for the ſpe- 
1 to apply the diſcovery to many phenomena of nature and chy- 
miſtry. | | 


SECT. IL 


O obviate ſome ſcruples, that might” be entertain'd upon this circum- 
ſtance of our experiments, that the glaſſes 'employ'd about them 
were not expoſed to the action of mere flame, but held upon charcoal; 
I attempted to make them ſucceed with a body ſo thin, and diſengaged 
from groſs matter, as mere flame is allow'd to be. | 
I. Suppoſing, then, that good common fulphur, by reaſon of its great in- 
flammability, and the vehemency and penetrancy of its flame, would be a 
very fit fewel for my purpoſe; I provided a ſmall double veſſel, fo contriv'd, 


that the one part ſhould contain as many coals as were neceſſary to keep 


the ſulphur melted ; and the other, which was much ſmaller, and ſhaped 
like a pan, ſhould contain the brimſtone requiſite for our tryal; and that 
theſe two ſhould be, with a convenient lute, ſo join'd to one another, that 
all being cloſed at the top, except the orifice of the little pan, the fire and 
ſmoke of the coals having their vent another way, no fire ſhould come at 
the retort to be employ d, but the flame of the burning brimſtone. Then 
two ounces of filings of tin being carefully weigh'd out, and put into a 
glaſs retort, provided for ſuch trials, and made fit to be eaſily feard up at the 
neck; the ſulphur, which ought to be of the purer fort, was kindled, and 
the glaſs, by degrees, expoſed to it ; where that continued near two hours 


before the metal melted: after which, the retort was there kept on near an 


Hour and a half more, with the metal melted in it; then perceiving a pretty 
deal of darkiſh calx at the bottom, and partly, too, upon the furface of the 
Kar greater portion of the metal, which now lay in one lump ; the part of the 
retort which had been ſeal'd, being broken off, we firſt took out the calx, 
and next the lump, and putting them into the ſcales, they had been for- 
merly weigh'd in, we found them to have acquired four grains and a half. 
'The experiment was afterwards ted with the ſame quantity of filings 
of the ſame metal, and at the end of the operation, which in all laſted 
ſomewyhat above three hours, having broken off the ſeal'd neck of the re- 
tort, we found that a large proportion of dark-colour'd calx had been 

: and this being weigh'd with the uncalcin of the metal, the 
two ounces, we firſt put in, appear d to have acquird no leſs than eleven 
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| Buch Kaperſtrutures may, Pov, in time, be built on this and the STATICS: 


like experiments, that I 
rs too ſceptical. But, conſidering that tho it were very improba- 
be, yet poſſible, that the increaſe of weight acquired by bodies expoſed 
in glaſs veſſels to the fire, might proceed not from the corpuſcles of fire, 
but from the particles of the glaſs itſelf, looſen'd by the power of ſo in- 
tenſe an heat, and forcibly driven into the incloſed body; I took two 
laſſes, the one ſhaped into a little retort, and having weigh'd them, 
25 them for a conſiderable time upon kindled coals, and then weigh'd 
them again, I could gather little of certainty from the experiment ; 
(the retort at one time ſeeming to have acquired above half a gram in the 
fire) only that there was no likelihood at all, fo conſiderable an in- 
creaſe of weight, as we ſeveral times obtain'd in cloſed veſſels, ſhould pro- 
ceed from the glaſs itſelf, and not from the fire. A 
2. We carefully weigh'd out an ounce of the filings of block-tin, and put 
them into a glaſs retort, whoſe neck was afterwards drawn out lender ; 
we alfo provided ſuch a convenient metalline lamp, that the flame of the 
ſpirit burnt in it, might not melt or crack the glaſs. This lamp, tho fur- 
niſh'd with a cotton wieck, afforded no ſoot ; becauſe, as long as it was 
well ſupplied with liquor, it remain'd unburnt. "Theſe things being in 
readineſs, the retort was warily approach'd to the flame, and the metal 
thereby in a ſhort time melted. After which, the glaſs being kept expoſed 
to the ſame flame, for near two hours, the ſcaVd apex of the retort was 
broken off; when there appear'd to have been produced a conſiderable quan- 
tity of calx, that lay looſe about the remaining part of the tin, which, 
upon its growing cold was harden'd into a lump. This and the cab bein 
taken out of the retort, with care, that no little fragment of glaſs ſhoul 
impoſe upon us, it was weigh'd m the ſame ſcales as formerly, and found to 
have gain'd 4+ grains, beſides the duſt that ftuck to the inſide of the re- 
tort ; of which we reckon'd enough to make about half a grain more: 6 
that of ſuch a fine and pure flame as of this totally ardent ſpirit, enough 
to amount to five grains was arreſted, and, in good meaſure, fix'd, by its 
operation on the tin. | 2 
3. For confirmation of the laſt experiment, wherein we had emplo 'd the 
inflammable ſpirit of ſugar, we made the like with highly rectily d irit 
of wine; only ſubſtituting an ounce of lead inſtead of one of tin. 
event was, that after the metal had been, for above two hours, kept in the 
flame, the ſeal'd neck of the retort being broken off, the external air ruſh'd. 
in with noiſe; and we found above ſeven ſcruples of lead turn'd into a 
greyiſh calx ; which, together with the reſt of the metal, being oy 
agam, fix grains appear'd to be gain'd by the operation. Theſe ſeven 
ſcruples of calx being weigh d in aw and water, I found, that tho” the ab- 
ſolute gravity of the metal had been increaſed by the particles of flame 
which ftuck faſt to it ; yet this aggregate of lead, and extinguiſhed flame, 
had loſt much of its ſpecific gravity : for lead is to water of the ſame 
bulk, as about 11% to 1 ; whilſt this ſubtile calx of lead was to water of the 
ſame bulk, butas 9 to 1. , Now 


here obviate even 4 ſcruple, which ap- 


: * 3 
398 Fire. and Hame vutigb d 
Sranes. New whence can this increaſe of abſolute weight, obſery'd in the me- 
e expoſed to the mere flame, be deduced, but from ſome A INOS parts 
this diſcovery, of the flame? And how could theſe parts invade thoſe of the metal in- 
cloſed in a glaſs, otherwiſe than by paſling thro? the pores of that glaſs > 
Bur I do not, by theſe experiments, pretend to make out the poroſity 
of glaſs, any farther than with regard to ſome of the ponderable parts of 
flame; for, otherwiſe, glaſs is not eaſily penetrable.” , 
* 3 the whole, it appears, iſt, That flame may be a menſtruum, and 
Frum, aud work on ſome bodies, not mW by making a notable comminution, and diſ- 
vith the bedzes ſipation of their parts, but, alſo, by a coalition of its own 8 with thoſe 
e on. pie the fretted body ; and thereby, permanently, add ſubſtance and weight 
thereto. Nor is it repugnant, to flame's: being a menſtruum, that, in our 
>xperiment, the lead a, 7. expoſed to it, were but reduced to powder, 
and not diſſolved in the form of a liquor, and kept in that ſtate. For, be- 
ſides that the interpoſed glaſs hinder d the igneous particles from gettin 
thro in plenty enou 55 tis not neceſſary that all menſtrua ſnould be ſach 
ſolvents. For whether it be, that the menſtrua we think ſimple, may be 
compounded of very different parts, whereof one may precipitate what is 
diſſolved by the other, or for ſome other cauſe; it is certain, that ſonie 
menſtrua corrode metals, and other bodies, without keeping any conſide- 
rable part diſſolved ; as may be ſeen, if you put tin to a certain quantity of 
Aqua fortis, which will, in a very ſhort time, reduce it, almoſt totally, to a 
very white ſubſtance, that, when dry, is a kind of calx. And fo, with a 
due proportion of oil of vitriol, abſtracted N quick -ſilver, by a ſtrong fire, 
we have ſeveral times reduced the main body of the mercury into a white 
wder, whereof but an inconſiderable part was diſſoluble in water. And 
Fuch a white calx I have had, by the aCtion of another fretting liquor on 
a body not metalline. But whether, as it ſeems probable, it be from the 
vehement agitation of the permeating particles of X42 that violently tear 
aſunder the metalline corpuſcles ; or, from the nature of the igneous men- 
ſtruum, which being, as twere, fſtrain'd thro' glaſs it ſelf, muſt be ſtrangely 
minute; tis worth obſerving how ſmall a proportion, in point of weight, 
of the additional adhering body, may ſerve to corrode a metal, in compa- 
riſon of the quantity of vulgar menſtrua requiſite for that purpoſe. For, 
tho? we are obliged to employ, to make the ſolution of crude lead, ſeveral 
times its weight of ſpirit of vinegar, or a large proportion of Aqua fortis ; 
twas obſerved. in our experiment, that tho the lead was increaſed but ſix 
grains in weight, yet above a hundred and twenty of it were fretted into 
powder; ſo that the corroſive body appear d to be but about the twentieth 
part of the corro 1 1 4 
That ealces of 2dly, Another conſequence, deducible from our l of the per- 
wetal; are the ouſneſs of glaſs. to flame, may be this, that there is cauſe to queſtion 
ek Peries ＋ the truth of what is, generally, taken for granted about calcination ; and, 
particularly, of the notion that chymiſts have entertain'd about the calces 
of metals and minerals, For, it does not appear, by our trials, that any 


proportion, worth regarding, of moiſt and fugitive parts, was expell'd 705 


- 
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the calcination; but it appears very plainly, that, by this operation, the STA ric 
metals gain'd more wake . 91 10 ＋. that 0 main body of the AR 
metal remain d entire, and was far from being either elementary earth, 
or a compound of earth and fixd ſalt. From which very erroneous hy- 
potheſis, the chy miſts infer the ſweet vitriol of lead, which they call 
Sacchartm Saturni, to be but the ſweet ſalt of it, extracted only by the ſpirit 
of vinegar, which does, indeed, plentifully concur to compoſe it. Whence, 
I conclude, that the calx of a metal, even made per ſe, that is, by fire 
alone, may be, at leaſt in ſome caſes, not the Caput mortuum, or Terra 
damnata, but a magiſtery of it. For, in the ſenſe of the moſt intelligible- 
of the chymical writers, that is properly a magiſtery, wherein the principles 
are not ſeparated ; but the bulk of the body being preſerved, it acquires 
a new and convenient form, by the addition of the menſtruum, or ſolvent, 
employ'd about the preparation. Beſides, I have, ſeveral times, from the 
calx of lead, reduced actual lead. And, having once taken but about a. 
third or fourth part of the calx of lead, . by the flame of ſpi- 
rit of wine, 1 found, that, without any flux-powder, or other addition, 
but merely by the application of the flame of highly rectify d ſpirit of 
wine, there would, in a ſhort time, be obtain d a conliderable proportion 
of malleable lead; whereof the part I examined, was truly ſo. 
z3dly, One uſe, among the reſt, we may make of the foregoing diſco- The Heck, of. 
very, regards a controverſy among the corpuſcular philoſophers. Forj, % ga. 
ſome of them think, that when bodies are expoſed in cloſe veſſels to the 2 eg 
fire, tho' the igneous corpuſcles do not ſtay with the bodies they invade zo the l 
yet they, really, get thro the pores of the interpoſed veſſels, and permeate 
the included bodies in their Paige upwards: whilſt others will not allow 
the igneous corpuſcles, which they take to be but vehemently agitated par- 
ticles of terreſtrial matter, to penetrate ſuch minute pores as thoſe of glaſs ; 
but ſuppoſe the operation of the fire to be performd by the vehement 
agitation made of the ſmall parts of the glaſs, and by them propagated 
to the N bodies; whoſe particles, by this violent commotion, are 
atly alter d. oo 
5” But tho it be probable, that the brisk agitation communicated by the 
ſmall parts of the glaſs. to thoſe of the body contain'd in it, may contribute 
much to the effect of the fire; and tho, by the ſmall increaſe of weight 
we found in our expoſed metals, tis very likely that far the greater part 
of the lame was excluded by the cloſe texture of the glaſs; yet, on the 
other ſide, tis plain, that igneous particles paſs'd thro? the glaſs, and not 
only divided. and agitated. the included bodies, but manifeſtly and. perma- 
nently adhered to them. | 
y, We receive: this further information from our experiments, that g ue 
bodies very. ſpirituous, fugitive, and minute, may, by being aſſociated may, by aſocie- 
with proper particles, tho* of quite another nature, ſo change their former 222 
qualities, as to be arreſted by a ſolid and ponderous body, to that de- waatiliy, 
gree, as not to be driven away from it by a fire intenſe enough to melt 
and calcine metals, For the foregoing trials ſeem plainly to — 
t 


. 
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Srarics, hat even, the agitated parts of flame, minute enough to paſs. thro the 


WYAL pores of glaſs ittelf, were, ſome way, entangled among the metalline par- 
© ticles of tin and lead; and thereby brought 8 be ſo fix d, as to 1 2 


- 


| heat that kept thoſe metals in fulion, and gradually reduced them to 
calces : a, phenomenon that one. would not callly look for; eſpecially con- 
fidering how ſimple a texture that of lead, or tin, may = in compariſon 
of the more elaborate ſtructures of many other bodies. And this pheno- 
menon, which ſhews us what light and fugitive particles of matter, may 
permanently, concur to the compoſition of ponderous and fix d bodies, will, 
perhaps, afford uſeful hints to the ſpeculative; eſpecially, if this ſtrict 
combination of a ſpirituous and fugitive ſubſtance, with ſuch as, being groſs 
and unwieldy, are leſs fit than organized matter, to entangle, or detain 
them, be apply d. as it may be, with advantage, to thoſe aggregates of 
ſpirituous corpuſcles, and organical parts, that make up the bodies of 
Pony and animals. And this hint may ſuggeſt a conſiderable inference to 
drawn from the operation of the ſun-beams on appropriated ſubjects ; 
ſuppoſing it to prove like that of flame on tin and lead *. | 


* The following queries of Sir [ſaacNew- | © the flame be put out, is thick, and 
ton, give us the beſt light we have into by viſible; and ſometimes ſme frrongly : 
| ons — — — * Is _ * — in the _ it loſes its ſmell, by 
4g A eee dhe dame i of nc pak 
| * ly? Oo , _ is se iron, 4 lours; as that of ſulphur, blue; that of 
e 
* vay fume, or ———— { — Smoke paſkry — — rg 
— that is, ſo hot as to ſhine? [ not but grow A rr 3 8. 
For, bodies do not flame, without emit- | © ſmoke can have no other appearance 
« ting a copious fume; and this fume burns | * than that of flame. When gun-powder 
* in the flame. The lenis fatunsis a vapour, | © takes fire, it : away — Haming 
2 ſhining —— heat: and, — not 0 ſmoke. For the charcoal and ſulphur, 
A mags erence between t is vapour, G eaſily take fire, and ſet fire to the ni- 
CES noon | a fot th. hike of tho where, bang 
K — ——— rn 87 2 ereby rarified into vapour, ruſhes out, 
PC 
£ r ruſhes out 
« which —_ out ad — e take an nolipile; che ſalphur, * vo- 
«ac | cc 1 
1 45 - * the ur "Will * py 9 = the ex Tees. An bs nd 
* Jong the vapour, from the candle, ro the « vapour of the Talpbur, namely, — 
« Kill Some bodies, heated by motion, 2 which diſtils under a glaſo bell, into oil 
* or SO, — the = 2 py a a ur, entering violently into the 
A _—_ ©, yy 2 * da = 1 xe - 4 the nitre, ſers looſe the 
I nd e apt © CRE wi þ - : irit of the were, and excites a great 
58 — — 2 — — 2 —— — o _ the heat is far- 
hy Fun 1 Salt · petre fumes i Pays) - th — in | 2 of 
e — 4 5 =. ies, as | « = x 4 5 — 3 _ 
« oil, tallow, wax, wood, foſſil, coals, pitch, “ more le” SIT Fer if falc 
and ſulphur, by flaming waſte, and vaniſh | ©* of tartar be mixed with gun-powder 
into burning ſmoke ; which ſmoke, af | & and the mixture be warm'd till it — 
494400 15 t | | 13:38 
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ct fire, the exploſion will be more violent, 
« and quick, than that of gun-powder a- 
lone; which cannot proceed from any 
« other cauſe, than the action of the va- 
« pour of the gun-powder upon the ſalt 
« of tartar, whereby the ſalt is rarified, 
« The exploſion of gun-powder ariſes, 
« therefore, from the violent action, 
« whereby all the mixture, being quickly 
« and vehemently heated, is rurified, and 
© converted into fume and vapour ; which 
> _—$ by = violence 7 that action, 
« becoming ſo hot as to ſhine, appears 
« in the form of flame,” Ss: 5 

The following query is ſo beautiful, and 
opens ſuch a glorious ſcene, that I ſhould 
be tempted to add it, tho it bore « leſs 
relation, than it does, to the preſent ſub- 


Do not continues the ſame great au- 
thor, © large bodies conſerve their heat 
« the longeſt ; their parts heating one a- 
« nother 7 And, may not a great, denſe, 
% and fixed body, when heated beyond 
« a certaindegree, emit light ſo copiouſly, 
« as, by the emiſhon, and reaction of its 
jr light, and the —_— and refractions 

of its rays, within its pores, to grow 
« till whim till it comes to a certain 
« riod of heat ; ſuch as is that of the ſun ? 
« And, are not the ſun, and fixed ftars, 
great earths, vehemently hot; whoſe 
b heat is conſerved by the greatneſs of the 
4 bodies, and the mutual action, and re- 
« aftion between them, and the light 
« which they emit ; and whoſe parts are 
kept from fuming away, not only by 
« their fixity, but, alſo, by the vaſt weight 
and denſity of the atmoſpheres, incum- 
bent upon them: and very ſtrongly com- 
«« preſſing them, and condenſing the va- 


« any pellucid veſſcl emptied of air, that 
« water, in the vacuum, will bubble and 
© boil, as vehemently as it would in the 
* open air, in a veſſel ſet upon the fire, 
* till it conceives a much greater heat. 
For, the weight of the incumbent at- 


© moſphere, keeps down the vapours, and 


* hinders the water from boiling, till it 
« prow much hotter than is requiſite to 
« make it boil in vacuo. Alſo, a mixture 
of tin and lead, being put upon a red-hot 
« jron, in vacuo, emits a fume and flame; 
but the ſame mixture, in the open air, 
by reaſon of the incumbent atmoſphere, 
« does not ſo much as emit any fume, 
« which can be perceiv'd by fight. In 
« like manner, the great weight of the 
« atmoſphere,” which exo „ the globe 
d of the ſun, may hinder bodies there from 
*« riſing up, and going away from the ſun, 
« in the form of vapours, and fumes, un- 
© leſs by means of à far greater heat than 
© that which, on the ſu 
« would very eaſily turn them into va- 
« pours and fumes. And the ſame great 
« weight may condenſe thoſe vapours, and 
« exhalations, as ſoon as they ſhall, at 
« any time, begin to aſcend from the ſun, 
« and make them preſently fall back a- 
gain into him; and, by that action, in- 
« creaſe his heat, much after the ſame 
„ manner that, on our earth, the air in- 


s creaſes the heat of a culinary fire. And 


« the ſame weight may hinder the globe 
« of the ſun — bei l diminiſh'd ; unleſs 
* by the emiſhon of light, and a very 
« ſmall quantity of vapours and exhala- 


| © tions, Newton, Optic. p. 316-319. 
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= pou and exhalations which arife from 
« them ? For, if water be made warm, in 8 2 


e of our earth, 
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| PNEUMATICS. 


F\ 


Fifa 


THE 


PREFACE 


Neumatics is that part of univerſal philoſophy, which confiders the pro- 

perties, the uſe, and effects of the air; the fluid we breathe, and which 

is abſolutely neceſſary to maintain the life of animals. | 

This is aſubjeft, therefore, that cannot but be highly uſeful to inquire into: 

and herein Mr. Boyle appears to have exerciſed himſelf more than any philaſo- 
pher before his time, or fince. Indeed, the ancients had no notion 7 

of philoſophy ; and ſeem to have never dream d of an engine wherewith to drau the 


air from weſſels, and prevent its return into them. Otto Gueric, the famous 


* 1 firſt, unleſs we except Friar Bacon, hit upon an expedient 
In, v4 


from a hint of this it was, that Mr. Boyle, improving upon the 


4 it 
defign of the conſul, originally contrived his air-pump : a machine, to which we are 


indebted for the ſolution of many 1 in nature; and momentous diſcoveries 


in the fluid, which, of all external ones, ſeems to be the moſt familiar, and uſeful to 


us. A man of an ordinary capacity, poſſeſs d of ſuch an engine as this, would have 
been perplexed to know what uſe to make of it ; but ſuch a genius as Mr. Boyle, 


could not but apply it to noble and ſerviceable purpoſes. In veſſels of glaſs, 
emptied of air, by its means, he ſoon included a great variety of proper ſubjetts, 
one after another ; of which he had, before-hand, wrote down a long cata- 
logue. And, as this engine was, at firſt, imperfect, but afterwards received 


confiderable improvements, at different times, I am induced to let all the experi-- 
ments, made with it, by Mr. Boyle, ſtand in the order wherein he wrote them, 


rather than to range them under ſeveral hende. For, thus they give the hiſtory 


of the air-pump, and its improvements from time to time : but, if the other me- 
thod had been taken, the advantage of theſe experiments, muſt have been loſt 
in their hiſtorical capacity; which would prove a greater inconvenience, than 


the ſeeming diſorder wherein they now occur: eſpecially conſidering, that this may 
eafily be remedied, by means of the index. ; 


Nume 


his part 
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The PREFACE. 
Numerous are the experiments made by Mr. Boyle, with this engine; but ſtill 
there may be ſomething left for future philoſophers to do with it, befides repeat- 
ing, varying, and confirming his trials. The air-pump, as tis now made, has 
many advantages over even the beſt which was employ d by My. Boyle: it is ſo 
much more manageable, commodious, and exact, (eſpecially as improved by that 
excellent mechanic, Mr. Hauksbee) its apparatus is ſo well ſuited for all exigen- 
cies of experiments; and, the whole comes on ſuch eaſy terms, in compariſon of 
what it coſt our generous philoſopher, that, if it were only to be witneſs of the ſur- 
izing diſcoveries he made with it, tis pity any well-wiſher to philoſophy ſhould 
without it. 8 
But, were this inſtrument in more general uſe; and, would men of inven- 
tion ſet themſelve to contrive new experiments for it, who knows what fart her light it 
might afford us; and in producing how many other effetts of nature, the air would 
appear to be concern d? The late My. Hauksbee made ſeveral experiments with it, 
which, perhaps, Mr. Boyle himſelf never thought of ; tho he evidently contri- 
ved a large number; which, for want of a fit opportunity, convenient glaſſes, and 
other apparatus, he could never ſee the event of. The ſubject, therefore, an- 
pears, far from being exhauſted : the air-pump is a fruitful engine, and 
fitted to examine almoſt all the productions of nature and, there are many 
things, in philoſophy, that cannot be done without it. *Twas this which lately open'd 


, a new field of knowledge, and greatly aſſiſted Mr. Boyle to introduce, or revive 


the mechanical phillfophy 3 this, evidently, help'd to overthrow the doctrine of 
nature's dread of a Vacuum, by which, the modiſh philoſophy of | his time 


Fulſely accounted for abundance of phenomena; to this is owing, the greate 
Part of thoſe noble experiments, which appear 


under the following head of Pneu- 
marics ; and, laſtly, to this we owe ſome ſurprizing diſcoveries of Sir Iſaac 
Newton, and @ great ſhare of the preſent ſyſtem of philoſophy. | 


© , 
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Phyſico- mechanical 


EXPERIMENTS, 


To ſhew the 
Spring and Effeds of the AIR. 
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| l cannot ſubſiſt, for many minutes, without it; and moſt of the 2 
f natural bodies we deal with, being, as well as our own, almoſt 
perpetually contiguous to it, the alterations thereof have a manifeſt ſhare 
in many obvious effects, and, particularly, in diſtempers: wherefore, a far- 
ther inquiry into the nature of this fluid, will, probably, ſhew, that it 
concurs to exhibit abundance of phenomena, wherein it has, hitherto, 
ſeemed little concerned. So that, a true account of any new experiment, 
upon a thing whereof we have ſuch a conſtant and neceſſary uſe, may 
prove advantagious to human life. | | 

With this view, before ever I was informed that Otto Gueric, the in- 
genious, conſul of Magdeburg, had practiſed a way, in Germany, of emp- 
tying glaſs veſſels of the air, I had made experiments on the ſame foun- 
dation; but, as that gentleman firſt produced conſiderable effects by this 
means, I acknowledge the aſſiſtance and encouragement which the report 
of his performances afforded me. 
But, as few inventions happen to be compleat at the. firſt, ſo the 
be employ'd by the - conſul, ſeem'd very deſective in its contrivance ; . 
whence but little more could be expected from it, than thoſe very few phe- - 
nomena obſerved by the author, and related by Schattus. I, therefore, put 
Mr. Hook, upon contriving an air-pump, more manageable and conveni- 
ent, that might not, like the German- engine, require to be kept unden 
water: and, after ſome unſucceſsful attempts, he fitted me with one, con- 
liſting of two principal parts; a glaſs veſſel, and a pump to n | 
alr, | F. 


H E air is ſo neceſlary to life, that moſt creatures, which breathe, Tie orig f 
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Phy ſico- mechanical Experiments. 

The firſt is a glaſs A, with a large mouth, a cover thereto, and a ſtop- 
cock. fitted. to the neck below. This would contain-30 {quarts of water. 
B C the mouth of it, is about four inches in diameter, and ſurrounded with 
a glaſs lip, almoſt an inch high, for the cover to reſt on; wherein DE, is a 
braſs ring, to cover, and be cemented on to the lip BC. To the inter- 


nal orifice of this ring, a glaſs topple is fitted, to keep out the external 


air. In the middle of this cover is a hole HI, half an inch in dia- 
meter, incircled with a ring, or ſocket; to which is adapted a braſs 

le K, to be turn'd round, without admitting the leaſt air. In 
the lower-end of this, is a hole 8, to admit a firing, 8, 9, 10; which 
alſo paſſes thro* a ſmall braſs ring L, fixed to the bottom of the ſtop- 
ple FG, to move what is contain d in the exhauſted veſſel, or re- 
ceiver. That the ſtop- cock N, in the firſt figure, might perfectly ex- 
clude, the air, we faſten d a thin tin- plate, MT VW, to the ſhank 
of the cock X, all along the neck of the receiver, with a cement made 
of pitch, roſin, and wood-aſhes, poured hot into the cavity of the 


plate; and to prevent the cement from running in at the orifice Z, of 


ſhank X, it was ſtopt with a cork fix d to a ſtring, that it mi 
be drawn out at the upper orifice of the receiver; and then the neck ef the 
glaſs, being made warm, was preſſed into the cement, which thus fill'd 


the interſtices betwixt the tin-plate and the receiver, and betwi the re- 


ceiver and the ſhank of the cock. 


Tube lower part of our engine conſiſts of a ſucking-pump, ſupported by 


— 2 
. 


a wooden frame, with three legs 111, fo contrived, that, for the freer 
motion of the hand, one fide of i may ſtand p icular; and a-croſs 
the middle of —— we Suu — — — 2 22, to —_— the 
rincipal' part of the pump is fixed. um an exa 0 
5 cylinder of braſs, fourteen inthe wh its cavity three Hches in 
diameter; ro which a ſticker, 4455, is adapted, made up of two parts; 
one of which 4 4, is leſs in diameter than the cavity of the eylinder, with 
a thick piece of tann'd leather nail'd on it, whereby it excludes the air. 
The other part, a thick iron plate 55, is firmly join'd\ to the middle of 
the former, and is a little longer than the cylinder; one edge of it be- 
mg ſmooth, and the other indented, to receive the teeth of a imall iron- 
mit 2 g, fixed by two ſtaples to the underſide of the board nailed a-croſs 
22, on which the cylinder ſtands; and it is turn'd by the handle 7. 

The laſt part of the pump is the valve R, a hole at the top of the cy- 
linder, and taper towards the cavity; to this is fitted a braſs-plug, to 
taken out as occaſion requires. The engine being thus contrived, ſome oil 
muſt be pour d in at the top of the receiver upon the ſtop- cock, to fill up 
the interſtices of its parts, and that the — , may turn with the greater 
eaſe. A quantity of oil, alſo, muſt be left in the cylinder, to prevent the 
air from getting betwixt that and the ſucker ; for the like reaſons, ſome 
muſt, likewiſe, be apply'd to the valve. | 
And here tis proper to obſerve, that when we uſed oil, or water, ſe- 
parately, for this purpoſe, and they have not anſwered the end, a — 


Phyſoco-mechanical ments. 


of the two has afterwards proved effeftual. And, that the air may not Prevxarics; 
enter betwixt the braſs-coyer and the ring, *twill- be convenient to lay WY 


ſome diachylon- plaiſter on their edges with a hot iron. That no air, alſo, 
may remain in the upper part of the cylinder, the handle is to be turn'd 
till the ſucker riſes to the top; and then, the valve being ſhut, it is to be 
drawn down to the bottom; by which means, the air being driven out of 
the cylinder, and a ſucceſſion from without prevented, the cavity of the 
linder muſt be empty of air; ſo that, when the top-cock is turn d to 
afford a communication betwixt the receiver and the cylinder, part of the 
air before lodged in the receiver, will be drawn down into the cylinder; 
which, by turning back the key, is kept from entering the receiver again, 
and may, by unſtopping the valve, and forcing up the ſucker, be driven 
into the open air; and fo, by repeated exſuctions out of the receiver, and 
expulſions out of the cylinder, the veſſel may be exhauſted as the experi- 

ment requires | | * 
1. Upon 


The ai p has received great im- | belonging to it, paſſing from them in the 
— nee the time of Mr. Beyle, and form © a ſwan's neck gg; theſe irons 
brought to its urmoſt degree of ſim- being faſtened to the hind-part of the 
plicity, and ion, by the late, and the | frame, to prevent their ſhaking. Between 
preſent Mr. sbee. This inftrument, as tis | the two barrels, riſes a hollow braſs-wire 
now made, by Mr. Hauksbee, bb bþ b, communicating with each of them, 

Fig- 31. . | fon vg . 
ſiſts of two lylinders, a4 4 4, | by means of a perforated piece of braſs, 
twelve inches high, and two their internal | lying horizontally from one to the other. 
diameter. The emboli are raiſed, and | The upper end of this wire is faſten'd to 
depreſſed, by turning the winch 50, back- | another piece of perforated brafs, ſerew d 
ward and forward. This winch is faſten'd | on below the plate 111, which is ten 
to a ſpindle, paſſing thro' a lanthorn, | inches over; having a braſs-rim ſoldered 
whoſe pins ſerve for cogs, laying hold of | on it, that it may contain water. Be- 
the teeth of the racks c ccc ; ſo that one is | rween the middle, and the fide of this 
depreſſed, and the other elevared recipro- | plate, riſes a ſmall pipe k, about an inch 
cally. By this means the valves, made of and half high; thro which, into the hok 
limber bladder, and fix'd on the upper | low wire, paſles all the air into the bar 
part of each emboius, and at the bottom | rels from the receiver. Upon the plate of 
of the cylinders, mu y exhauſt and diſ- the pump is always laid à wet leather, 
charge the ſame air from the receiver: } for the receivers to ſtand on. This leather 
which becoming nearly empty, the preſ- | prevents the air's getting into the glaſſes, 
ſure of the external air on the deſcending | whoſe edges are ground true ; and ſerves 
embolus is ſo great, that the power te- | for this purpoſe vaſtly beyond any cement 
uired to raiſe the other, need but little | whatever, Another excellence in this 
mona the friction of the moving parts; pump, is the gage 11/1, a glaſs-tube about 
whence this pump becomes preferable to | thizty-four inches long, ſo placed, that it 
all others. The bottoms of the barrels lie cannot eaſily be damaged, or prove in- 
in a braſs-diſh dd, its fides two inches | convenient. Its lower orifice is immerſed 
high, containing water to keep the lea- | in aglaſsofquick-filver mm. ; on the ſurface 
ther-collars, on which the cylinders-ſtand, |. whereof is a perforated piece of cork for 
moiſt ; whe the air is precluded. The the tube to paſs. thro', On this cork is 
cylinders are ſcrew'd hereon- by the nuts |. placed a board of box-wood, about an inch 
eere, whick force the ' frontiſpiece ff, in breadth, and grooved in the middle, 
down upon them; thro' which paſs the | to receive tube, which 1s 12 on 
two pillars gg gg. Each pillar has an iron | thereto, that it may riſe and as 
Vo t. II. oY | Gg 8 ä 
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the cylindri 


thi 


forced to the upper 


air is more exhauſted *®. We obſerved, alfo, that, whilſt any conſide- 


produced, upon turning the key. | 


«»4- Hut to render our experiments che more intelligible, we muſt premiſe, 


that the air abounds in elaſtic particles, which bein — together by 
their own weight, conſtantly endeayour to expand re themſelves from 


contracts its dimenſions ; but recovers them as the hand opens, and en- 
deavours at it, even-whilſt that is ſhut. It may be alledg'd, that tho the 
air conſiſts of elaſtic particles, yet this only accounts for the dilatation of 
it in pneumatical engines, wherein it hath been com |, and its ſpring 
violently bent; by an external force; upon the removal whereof, it expands, 
barely to recover its natural dimenſions; Whilſt, in our experiments, the air 
appears not to have been compreſled, before its ſpontaneous dilatation. But, 
we have many experiments to proye, that our atmoſphere is a heavy body, 
and chat che upper parts of it preſs upon the lower. And 1 found a dry 
lamb's bladder, containing two thirds of a pint, and compreſs d by a 
pack- thread tied about it, to loſe, in a very tender balance, 1 7 grain of 


the mercury aſcends or deſcends inthe repreſents a receiver, ftanding on the 
To tbe. upper part of this tube is cemented a | plate Tere gang inn whoſe upper part 
braſs-head, chat firs into the perforated braſs- | pp, thro' a of lentharcallars, paſ- 
piece, ſcerew'd on under the plate, and com- ſes a ſlip of wire, to take up, let fall, or 
municating both with rhe receiver, and the | d any thing in the receiver, with- 
hallow babs ite bhh. The box board | out admitting the air. 

1s graduated into inches quarters, from . | 
the ſurface of the quick-filyer to twenty- | * The original air in the receiver, is al- 


eight inches high; and thence tis divided || ways to the remainder, as the ſam of the 


Into tenths. By this means, the degrees | capacity of the veſſel of the pump, raiſcd 
of rarifaRtion may, at all times, be — to the power, whoſe —— is equal to 
bſer ved in an experiment. The air- | the number of the ſtrokes of the facker, 
, Which Jets in the air, is, likewiſe, a to the capacity of the veſſel raiſed/to the 
your. 8 the ſame 8 3 _ power. See this demonſtrated by 
| e upper parts e 5 Varignon. Memoir. de I Ad. A. 1705+ 
the hollow wire, are infortod.” 0005 p- 37. by 
* | ; | Is 


Phyſico-mechanical Experiments. 


therefore, that the air is not deſtitute of weight, tis eaſy to conceive, that 
the part of the atmoſphere wherein we live, is greatly compreſs'd by 
thoſe directly over it, to the top of the atmoſphere. And tho' the height 
of-this atmoſphere, according to. Kepler, ſcarce exceeds eight miles, yet la- 
ter altroncmers extend it fix or ſeven miles farther. The learned Ricciolo 
makes it. reach fifty miles high. So that a column of air, ſeveral miles in 
height, preſſing upon ſome elaſtic particles of the ſame fluid here below, 
may eafily bend their little ſprings, and keep them bent ; as if fleeces of 
wool, were piled to a vaſt height upon one another, the hairs of the low- 
eſt locks would, by the weight of all the Og gates, be ſtrongly com- 
preſs d. Hence it is, that, upon taking off the preſſure of the incumbent 
air, from any E of the lower atmoſphere, the particles of the latter 
ſs more ſpace than before. If it be farther objected againſt this con- 
denſation of the inferior air, that we find this fluid readily yields to the 
motion of flies, feathers, Cc. we may reply, that as when a man ſqueezes 
wool in his hand, he feels it make a continual reſiſtance ; ſo each parcel of 
the air, about the earth, conſtantly endeavours to thruſt away ſuch conti- 
bodies as keep it bent, and hinder the expanſion of its parts; which 

will fly out towards that part, where they find the leaft reſiſtance. And, 
ſince the corpuſcles whereof the air conſiſts, tho of, a ſpringy nature, are 
ſo very ſmall, as to compoſe a fluid body, tis eaſy to conceive, that here, 
as in other. fluids, the component parts are in. perpetual. motion, whereby 
they become apt to yield to, or be diſplaced by other bodies ; and that the 
ſame corpuſcles are ſo variouſly mov d, that, if ſome attempt to force a bo- 
dy one way, others, whoſe motion hath an oppoſite determination, as 
ſtrongly preſs it the contrary way; whence it moves not out of its place; 
the preſſure, on all ſides, being equal. For if, by the help of our en- 
gine, the air be drawn only from one fide of a body, he, who thinks to 
mw that body, as eaſily as before, will, upon trial, find himſelf miſta- 
en. 


the cover, is ſo difficult to lift, that there ſeems to be ſome great weight 
faſten'd to 2 bottom of it: for, the internal air being, now, very much 
dilated, its ſpring muſt be greatly weakned ; and, conſequently, it can but 


faintly preſs againſt the lower - end of the ſtopple, whilſt the ſpring of the 


external air keeps it down, with its full natural force. And, as the air is gra- 
dually admitted into the receiver, the weight is manifeſtly felt to de- 
creale ; till, at jengeh, the receiver being again filled with aw, the ſtopple 
may be. eaſily lifted. Rt. agar, 4 
fray ſeem ſurprizing, that we ſpeak of the air ſhut up in our re- 
ceiver, as of the preſſure of the atmoſphere; tho the glaſs manifeſtly 
keeps the incumbent pillar of air from preſſing upon that within the yellel. 
Bur, let us conſider, tar if a fleece of wool, by preſſure, be thus directly 
reduced into a narrow compaſs, and convey d into a cloſe box, tho''the 


former force ceaſes to bend its numerous ſpringy parts, yet they continue 


882 AS 


2. Thus, when our receiver is tolerably exhauſted, the braſs topple in + 
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its former weight, by the receſs of the air, upon pricking it. Suppoling, Preguaniop | 


_ _— 
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RI as ſtrongly bent as before; becauſe we ſuppoſe the including box 


reſiſts their expanſion, as much as the force that crowded them in. 


Thus the air, being ſhut up in our glaſs when its parts are bent by 


by the ſame. means, thin large bubbles, ma 


the whole weight of the incumbenr ns, though that weight 
can no longer preſs upon it; yet the corpuſcles of the internal air, con- 
tinue as forcibly bent, as before they were included. If it be ſaid, that 
the continual endeavour it has to expand itſelf, ought then to break the 
glaſs, we muſt obſerve, that the expanſive force of the internal air, is 
alanc'd by preſſure of the external, which preſerves the glaſs intire ; as, 
hs with ſoapy water, will, for 

ſome time, continue whole in the open air. | | 
3. And though, by help of the handle, which is a lever, the ſucker 


my eaſily be drawn down to the bottom of the cylinder; yet, without 
uc 


a mechanic power, the ſame effect could not be produced, but by a 
force able to ſurmount the preſſure of the atmoſphere : as in the Torri- 
cellian experiment, if the column of mercury be too high, it will ſubſide, till 


its weight be a balance to the preſſure of the air. Hence we need not 
wonder, that tho' the ſucker move eaſily in the cylinder, by means of the 


handle, yet, if that be taken off, it will require a conſiderable force to 


'Taiſe or depreſs it. Nor will it ſeem ftrange, that if, when the valve, 


and ſtop-cock are exactly cloſed, the ſucker be drawn down, and then 


the handle let looſe, that the ſucker, as of itſelf, re-aſcends to the top 


of the cylinder; ſince the ſpring of the external air, finds nothing to reſiſt its 


preſſure upon the bottom of the ſucker. And, for the ſame reaſon, when 


the receiver is almoſt emptied, tho?, the fucker being drawn down, the paſ- 
ſage from the receiver to the cylinder be open'd, and then ftop'd again, 


the ſucker will, upon the letting go the handle, be forcibly carried up, al- 


. moſt to the top of the cylinder; uſe the air within the cylinder, be- 


tute of air, the ftop-cock were exactly ſhut. It muſt alſo be obſerv'd, 
that when the ſucker hath been impell'd to the top of the cylinder, and 
the valve is fo carefully ſtop d, that no air remains in the cylinder, above 


.. equally dilated and weakned with that of the is unable to re- 


the preſſure of the external air, till it be crowded into ſo little ſpace, 
that both their. forces. are in equilibrium. So that, in this caſe, the ſucker 
is drawn down with little leſs difficulty, than if, the cylinder being deſti- 


the ſucker ; if, then, the ſucker be drawn to the lower part of the cylin- 
der, no greater difficulty is found to depreſs the ſucker, when nearer the 


bottom of the en than when it is much farther from it. Whence 


preſſure of the external air, is not increas'd upon the 


it appears, that 
Ae Bon of the air driven out ; which, to make itſelf room, forceth the 


= 


. contiguous air to a violent ſub- ingreſſion of its parts, as ſome ſuppoſe ; for 


otherwiſe the ſucker would be more reſiſted by the external air as it 


comes lower; more of the diſplaced air being thruſt into it, to comprels 


1 , r 1 5 
El We took a large lamb's bladder, well dry'd, and very limber, and 


leaving in it about half the air it would contain, we ſtrongly tied the * 
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of it; then conveying it into the receiver, the pump was work'd ;; and Paz gg T10e- | 
afrer two or os: Saks, the impriſon'd air began to ſwell in the blad- WY 


der, and N to do * ——— 2 * L 2 * at 
length, the bla appear ectly turgid. en, grees, allow- 
hag external air — return into the receiver, the diſtended bladder 
ſnrunk {© GT grew flaccid, and, at laſt, appear d as full of wrin- 
kles as before. Te | | | 

And to try whether the actual elaſticity of the fibres of the bladder, 
had any ſhare in this effect, we let down to the former, two ſmaller 
bladders, of the ſame kind; the one not tied up at the neck, that the air 
it contain'd might paſs into the receiver; the other, with its ſides ſtretch d 
out, and preſs'd together, that it might hold the leſs air, and then ſtrongly 
tied up at the neck; and, whilſt the firſt, upon working the pump, ap- 
pear d, way diſtended to its full dimenſions, neither * the others 
were remarkably ſwell'd; and that whoſe neck was left looſe, ſeem d 
very little leſs wrinkled than when firſt put in. | | 

"We made, likewiſe, a ſtrong ligature about the middle of a long bladder, 
emptied of its air in part, but left open at the neck; and, upon exhauſting 
the receiver, obſervd no ſuch ſwelling betwixt the . ligature, and the 
neck, ee ligature and the bottom of the bladder, where air 
was included. | 


. We hung a dry bladder, well tied, and blown moderately full, in the 4-4 if 


receiver, by a ftring faſten d to the inſide of the cover; and, upon exhauſt- 
ing the glals, the included air firſt diſtended the bladder, and then burſt - 
it, as if it had been forcibly torn aſunder. 

This experiment was ted with the like ſucceſs ; and the blad- 
der burſting, long before the receiver was fully exhauſted, gave a great re- 
Ly, <= was often, in vain, that we try'd to burſt bladders, after this 
manner, becauſe they were commonly grown dry, before they came to our 
hands ; whence, if we tied them very hard, they were apt to and fo 
become unſerviceable ; and, if tied but moderately hard, their ftifineſs kept 
them from being cloſed ſo exactly, that the air ſhould. not get out into 
the receiver. . We found, alſo, that a bladder moderately filled with air, 
and ſtrongly tied, being held for a while, near the fire, grew exceedin 
9 and, n being brought nearer to the fire, ſuddenly burſt 
> e mg a noiſe, as made us almoſt deaf for ſome time 


6. Having 


M. enen ſhews, that the ſame de- | ſocver Ne 

gree of heat, how ſmall ſoever, may per- of its fpri , by a degree” of hear ; 

petually increaſe the force of the air's | provided this air be more and more preſ- 

bring rovided that air be continually fed continually. The ſame gentleman, 

preſs'd by a weight ſtill greater and great- | alſo, found by experience, that the heat 
er; and that any parcel of air, how ſmall I of boiling water, which he ſhews to be the 
: | . 1585 ” great 
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Vizzaiariee. . Having thus found; that the air ha th an elaſti r, we we 
2 | Having aq i an elaſtic power, we were de- 
| rin 


to know how far a parcel of that fluid might be dilated by its own 


g , | | 
The dilatation P We thoroughly wetted a limber lamb's bladder, in water, that the ſides 


. 


A ir being ſqueezed together, no air might be left in its folds, and ſtrong- 
— ect it about that of a ſmall glaſs, capable of holding five 
rams of water; the bladder being firſt ſo ſqueez d, that the air it 
containd was wholly forced into the glaſs, without being compreſs'4 
chere; then the pump being ſer on work, the air, in the vial, ſoon be- 
ie eo dilate, produo d a {mall tumor in the neck, and gradually came 
ther into the bladder; elevating the fides, and difplayng the folds, 
till, at length, it ſeem d blown up to its full extent; when the external 
air; being permitted to return into the receiver, the air that had fill'd the 
bladder, was thereby reduced into its former narrow receptacle, and the 
bladder became flaecid and wrinkled, as before. Then taking out the 
bladder, and glaſs, we fill'd-them/ both with water, thro' a hole made in 
the top of the bladder; and found the weight of it ro be five ounces, five 
drams, and a half. So that the air, at its utmoſt expanſion, poſſeſs d above. 
nine times the ſpace it did when firſt put into the receiver. 
Bur to meaſure the * force of the air more accurately, we took 
a cylindrical pipe of glaſs, its bore about a quarter of an inch in di- 


ameter, its length about ſeven inches, and left it open at one end; but 


the other, where it was hermetically ſealed, had a ſmall glaſs bubble, 


to receive the air, whoſe dilaration/ was to be meaſin'd. Along the 


ſide of this tube we paſted a ſlip of parchment, divided into t -fix 
equal parts, marked with black lines, to meaſure both the included air, 
and-its Afterwards we almoſt filfd the tube with water; when, 
ſtopping the open end, and inverting it, the air was permitted to aſcend 
to the bubble; and, as the aſcent was very flow, it gave us the opportuni 
to mark how much more, or leſs than one of thoſe diviſions, this air 

up. Thus, after a trial, or two, we convey d to the top of the glaſs, a 
bubble of air, apparently equal to one of thoſe diviſions; then the open end 
of the tube being put into a ſmall vial, whoſe bottom was d with 
water, we included both glaſſes in a ſmall lender receiver, and cauſed 
the pump ta be work d. The event was, that, at the , firſt exſuction of 
the air, there ſeem' d not ** — the bubble, comparable to- what 
appear d at the ſecond; and, after a very few ſtrokes, the bubble, reach- 


ing as low as the ſurface of the ſubjacent water, gave us cauſe to think, 


by t 


that it would have expanded much farther, had there been room. We, 
therefore, took out the little tube, and found that, beſides the twenty-ſix 


dwltens, che glaſs bubble, and ſome part of the pipe, to which the parch- 


gneateſi chat. liquor ĩs capable of, tho ever ſo | and upon this foundation, he ingeniou 
long deta in d upon a veh fire, increa- | attempts to eftabliſh an uniformity in ther - 
Fes the. ſppiog ENG; Afr as much as | wg mometers. See Memoirs de I Academ. A. 1 102. 
z of he weight of the atmoſphere, ſhewn f p. 204. A. 1703. p. 1, &, 
barometer, in ſpring, or autumn: 6 
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that the air poſſeſs d one and thirty times more ſpace tllian be 
yet ſeem'd capable of a far greater expanſion. ' Wh , after the ſame 
manner, we let in another bubble, that ſeem'd but half as big as the for- 
mer, and found that, upon n the receiver, it did not only fill 
up the whole tube, but, in part, broke thro' the water in the vial; and 
thereby manifeſted ixſelf to have poſſoſs d above ſixty times its former 
ce. r K a ö ** | th 
"Finding, then, that our tube was ſtill too ſhort, we took a ſlender coni- 
cal one, thirty inches long, hermetically ſeal'd at the ſlender end, and 
almoſt fill'd it with water; and conveying a bubble of air to the top of it, we 
ut the open end.in a yial, as before: then the cover, by means of a ſmall 
hole made in it, for the glaſs-pipe to come out at, was cemented, to the 
receiver; and the pump being ſet on work, the air manifeſtly appear d 
extended below the ſurface of the water; and ſome bubbles were ſeen to 
come qut at the bottom of the pipe, and break thro the water. This done, 
we left off pumping, and ob ery'd, that at unperceiv'd leaks of the re- 
ceiver, the air got in fo faſt, that it very quickly impell'd up the water to 
the top of the tube; excepting a little ſpare, whereinto that bubble was 
driven, which had before poſleſs'd the whole tube. This air, at the ſlender 
end, appear d to be a cylinder of + inch in length; but when the Pipe was 
taken out, and inverted, it ſeem'd, at the other end, leſs. in bulk than a 
Then, with a ſmall pair of ſcales, weighing the tube and water, we 
* they amounted to one ounce thirty grains and a half; and filling the 
tube with water, and weighing again the pipe and water, we found the 
weight increas'd only by one grain. Laſtly, pouring out the water, and 
carefully freeing the pipe from it, we weigh'd the glaſs alone, and found 
it wanted two and thirty-two grains of its former weight. So that 
the bubble of air poſſeſſing the ſpace but of one grain weight of water, it 
appear d that this air, by its own ſpring, was rarified to one hundred ny 
two times its former dimenſions; tho it had been compreſs d only by th 
ordinary weight of the contiguous air. The experiment, indeed, was made 
in a morſt night, and in a room with a large fire ; which did, perhaps, ſome- 
what rarify the bubble of air. * N 
It hath ſeem d almoſt ingredible, what Merſennus relates, that the air, by 
the violence of heat, may be dilated ſo as to take up ſeventy times its na- 
rural ſpace : we, therefore, once more, convey'd-into the tube a bubble of 
the ſame ** with the former; and proſecuting the riment as 
before, we obſery d, that the air did manifeſtly ftretch itſelf ſo, as to. 
appear, ſeveral times, far below the ſurface ＋ the water in the vial; 
and that, too, with a ſurface very convex toward the bottom of the pipe. 
Nay, the pump being ply d a little longer, the air reach d to that pla 
where the tube reſted upon the bottom of the "ul and ſeem d to bir again t 
and rebound from it. Whence tis probable, if the experiment could de 
ſo made that the expanſion of the air might not be reſiſted, it would yet 
enlarge its bounds, and perhaps ftretch itſelf to more than two hundred 
r1mes. 
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2 body To diſcover the ſtrength of glaſs, and what in 
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Pruvaar1%s. times its former bulk. And this may render many phenomena of our ef- 
gine credible ; ſince, of that part of the atmoſphere wherein we live, what 


we call the free air, and preſumie to be uncompreſs d, is crowded into ſo 
very ſmall a portion of the ſpace, it would, if e | 

the figure of a 
may have in reſiſting a preſſure, we made the following experi- 


Kgure in ſuſtain ments. 


A round glaſs bubble, capable of containing five ounces of water, being 
purpoſely blown very thin, and with a ſlender, neck, we moderately em 
tied the receiver, and nimbly applied the neck of the bubble to the orifice 
of the bottom of it; and after turning the key of the ſtop-cock, we made a 
free e for the air to come out of the bu ble into the receiver ; which 
& did wich great celerity ; leaving the bubble as empty as the receiver it- 
ſelf. We then let in the external air, which now preſs d only on the out- 
ſide of the exhauſted bubble, being prevented from getting within it; ne- 
vertheleſs, it continued as intire as before; the roundneſs of its figure ena- 
bling it, tho almoſt as thin as paper, to reſiſt a preſſure equal to that of 
the whole incumbent atmoſphere. And repeating the experiment, we 
found again, that the preſſure of the air, thruſting all the parts inwards, 
made them, by reaſon of their arched figure, ſo ſupport one another, that 
the glaſs would not break. 10 | 

8. We took a glaſs alembic, containing between two and three pints ; 
the roſtrum C, being hermetically ſeal'd ; and at the top of it was a hole, 
wherein we-cemented one of the ſhanks of a ftop-cock ; ſo that the glaſs 
being inverted, the wide orifice ſtood 7 and to this was cemented 
a cover of lead: the other ſhank of the ſtop-cock was alſo, with cement, 

faſten d into the upper part of the pump, which beginning to be work d, 
the remaining air became by much too weak to balance the preſſure 
of the external air, when glaſs was, with a great noiſe, crack'd 
almoſt half round, along that part of it where it began to bend inwards ; 
as in the line A B; and upon attempting to evacuate more of the air, the 
crack appear d to run further, tho the glaſs, where it was broken, ſeem'd 
above twenty times as thick as the bubble employ'd in the prococing w_— 

ubble, 


rtiment. Hence it may ſeem ſtrange, that taking another glaſs 


alike in all reſpects, for ought appear d, to that juſt mention d, ſealing it 
up hermetically, and ſuſpendin * in the receiver, the exſuction of * 
-furrounding air did not enable the internal air to break or crack it: and 
this prov d the caſe, tho the experiment were tried ſeveral times, with 
bubbles of different ſizes. But, perhaps, the heat of the lamp, wherewith 
ſuch glaſſes are hermetically ſeal'd, might rarify the contain'd air, and 
. Into che neck of a common four-ounce vial, we put a ſlender pipe of 
glaſs, and carefully faſten'd it, with a mixture of pitch and roſin, to the neck 
thereof. _This vial, containing water that reach'd confiderably higher than 
the lower end of the pipe, was put into a ſmall receiver, in ſuch manner, 
that the glaſs pipe, paſling thro a hole in the leaden cover of the receiver, 
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was principally without the veſſel ; which being exactly cloſed, we work d Popes —_ 


the pump: but at the very firſt ſtroke, and before the ſucker was drawn 
to the bottom of the cylinder, there flew out of the vial, a large piece of 
glaſs, with a ſurprizing violence and noiſe, ſo as to crack the receiver in 
many places. | 

Far farther ſatisfaction, we repeated the experiment in a round glaſs, 
that would contain fix ounces of water; which we put into a ſmall receiver, 
ſo that the bottom of it reſted upon the lower part of the receiver, and 
the neck came out thro” the leaden cover of the ſame. This vial we inclu- 
ded in a bladder, before it was put in, and the receiver being clos d, ſo 
that the outward air could not enter but by breaking thro” the vial, into 
whoſe cavity it had free acceſs by the mouth, the ſucker was nimbly drawn 
down; q ag which, the external air immediately preſs d forcibly, as well 
upon the leaden cover as the vial; and the cover happening to be in one place 
a little narrower, than the edge of the receiver, it was depreſs'd, and 
thruſt into it ſo violently, that getting a little within the lip of the glaſs, it 
thruſt out the ſide, where it was depreſs'd, ſo as to ſplit the receiver. And 
having fitted a wider cover to the ſame receiver, and clos'd both that, and 
the crack with cement, we proſecuted the experiment in the former manner 
with this ſucceſs ; that, upon ſuddenly depreſſing the ſucker, the exter- 
nal air burſt the vial into above a hundred pieces, many of them exceeding 
ſmall, and with ſuch violence, that we found a wide rent, and many holes 
made in the bladder. | | 

And to ſhew, that theſe phenomena were the effets of a limited force, 
and not of ſuch an abhorrence of a vacuum, as muſt, upon occaſion, exer- 
ciſe a boundleſs power, -we try'd ſeveral thicker glaſſes, and found that 
the experiment would not ſucceed ; for the glaſſes were taken out, asentire 
as they were put in. 5 

And here, by the way, we may obſerve, that ſmall crack will not 
render a roundiſh receiver uſeleſs in our experiments, becauſe, upon evacua- 
tion of the internal air, the external on all ſides preſſing the glaſs towards 
the center, thruſts the edges of the crack cloſer together. 

And, in caſe of conſiderable flaws, we ſucceſsfully apply a plaiſter, 


made of 8 me, finely powder d, and nimbly ground, with a proper 


quantity of the ſcrapings of cheeſe, and fair water, enough to bring the 
mixture to a ſoft paſte; which, when the ingredients are exquiſitely incor- 

rated, will have a ſtrong, and fetid ſcent ; and then, it muſt be immediate- 
y ſpread upon a linen cloth, and applied, left it begin to harden. 


10. We let down, into our receiver, a tallow-candle of a moderate ſize, Th fame H 
and ſuſpending it, ſo that the flame appeared in the middle of the veſſel, u & war 


we preſently clos'd it up, and upon pumping found, that within little more, 
than half a minute after, the flame went out. 

At another time, the flame laſted about two minutes, tho upon the firſt 
exſuction ages X. contract itſelf in all its 8 7 
two or t exſuctions, it a d exceeding blue, and gradually 

Vo I. II. | N h h : © toda 
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Poznxca71%%, receded from the tallow, till at lengh it ſeem'd to poſſeſs only the very 


be 


ey the wiek, and there-it vaniſh'd. Bop, 
he ſame candle, being lighted again, was ſhut into the receiver, to try 
how it would burn there, without exhauſting the air ; and we found that it 
laſted much longer than formerly; and before it went out, it receded from 
the tallow, towards the top of the wiek, tho not near ſo much, as in the 
former riment. ee eee e 
We took notice, that when the air was not drawn out, a conſiderable 

art of the wiek remain'd kindled upon the extinction of the flame, 
which emitted a ſmoke, that ſwiftly aſcended directly upwards, in a ſlen- 
der and uninterrupted cylinder, till it came to the top, from whence it re- 
rurn'd, by the ſides, to the lower part of the veſſel; but when the flame 
went out, upon the exſuction of the air, we once perceiv'd it not to be 
follow'd by any ſmoke at all. And at another time, the upper part of the 
wiek, remaining kindled after the extinction of the flame, a ſlender ſteam 
aſcended, but a very little way, and after ſome uncertain motions, for the 


4 


greateſt part, ſoon fell downwards. 


Joining t ſix ſlender tapers of white wax, as one candle, and 


per, to diſcover how long it would laſt, without 


Dadbd char- 
coal, 
Fig. 34. 


| fowing ; yet, when we could no longer diſcern a redneſs in any of them, 


what haſt we could to cloſe it up with cement. But, tho in the mean while, 
we left open the valve of the er, the hole of the ſtop- cock, and that in 
the cover of the receiver, that ſome air might get in to cheriſh the flame, 
and that the fmoke might have a vent; yet the air fufficed not for ſo great 
a flame, till the cover could be perfectly luted on; ſo that before we were 
ready to employ the pump, the flame 1 pres gh. Wherefore, we took 
but one of the tapers, ant having lighted it, clos d it up in the receiver, to try 
how long a ſmall flame, with a proportionable ſmoke, would continue in 
fuch a quantity of air; but we found, upon two ſeveral trials, that from our 
pepnning to pump, the flame went out in about a minute. It appear dd, 
indeed, that the fwinging of the wire, whereby, the candles hung, haſt- 
ned the extinction of the flame, which ſeem'd, by the motion of the pump, 
to be thrown, fometimes on one fide of the wiek, and ſometimes on the 
other. But, once refraining to pump, after a very few exſuctions, the 
flame laſted not much longer. And laſtly, clofing wp ſame lighted ta- 

t r how - would drawing out the air; 
we found, chat it burnt vividly for a while; but afterwards, began to di- 
miniſh gradually in all its dimenſions, tho the flam edid not, as before, retire 
itſelf by little and little towards the top, but towards the bottom of the 
wiek, ſo that the upper part of it, manifeſtly appear d for ſome time, a- 


having lighted all the wieks, we let them down into the receiver, and made 


; boye the top of the flame ; which, having laſted about five minutes, was 
ſucceeded by a ſtream of ſhoke, that aſcended in a ſtrait line. 


r. A ſpirat wire, fill'd to the height of about five inches, with 
wood-coals throughly kindled, being let down into the receiver, and the 
pump ſet to work; we obſery'd, that upon the very firſt exſuction of the 
coals, the fire grew dim, and tho" the agitation of the veſſel made them 


we 
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we found that, from the beginning of the pumping, that is, about twobrenariee. 
we fo ping VS 


minutes after the coals had been put in, glowing, to the total diſa 
ine of the fire, there had paſs'd three minutes. 

e then, preſently, took them out, and found there had remain'd ſome 
little parcels of fire, rather cover'd, than totally extinguiſh'd ; for, in the 
open air, the coals began to re-kindle, in ſeveral places. Wherefore, ha- 
ving, by ſwinging them about in the wire, throughly lighted them a ſecond 
time, we let them down again into the receiver; and cloſing it, waited till 
the fire ſeem d totally extinct, without working the pump, and found that 
from the time the veſſel was cloſed, till no fire at all could be per- 
ceiv'd, there had elapſed four minutes. | * 

Laſtly, having taken out the wire, and put other coals into it, we, in 
the ſame room where the engine ſtood, let it hang quietly by a ſtring, in 
the open air; and found that the fire began to go out firſt at the top, and 
outſides of the coals; but inwards, and near the bottom, it continu'd vi- 
ſible for above half an hour; a great part of the coals, eſpecially the lower- 
moſt, being reduced to aſhes before the fire was extinguiſſid. 


7 


A piece of iron, of the bigneſs of a middle-ſized charcoal, being, alſo, RAe irow- 


made red-hot throughout, we ſuſpended it in the exhauſted receiver; but 
could not obſerve any manifeſt change upon the exſuction of the air. 
The iron, indeed, began to loſe its fiery redneſs at the top; but that 
ſeem'd owing to the upper-end's being ſomewhat more lender, than the 
lower; and the redneſs, tho it were in the day-time, continued viſible 


about four minutes; and then before it quite — we let in the air, 
ers 


but no change enſued. Let ſome little rema of wax, that ſtuck 
to the wire, and were turn'd into fumes by the heat of the iron, afforded 
a more diffuſive ſmoke when the air was drawn out, than afterwards ; 
tho” allowance were made for the decreas'd heat of the metal. And laſt- 
ly, notwithſtanding a conſiderable” extraction of the air, and the inconſi- 

erable diſſipation of the parts of the iron, the ſides of the receiver were 
very ſenſibly hot, and retain'd a warmth for ſome time after the iron was 
taken out, | | ' 


12. We ſuſpended a piece of well-lighted match, in our receiver, with Lighted match. 


the lighted end downwards, when the fumes of it, almoſt, immediately fill'd, 
and darken'd the receiver. Wherefore, leſt the veſſel ſhould be endan- 


ger'd, the pump was nimbly ply'd; and a great deal of air and ſmoke, 


mix'd together, drawn out ; whereby the receiver growing more clear, we 
could diſcern the fire in the match, to burn, by degrees, more languidly ; 
and, after no long time, it ceas'd to be diſcernible either by its light, or 
ſmoke. And tho' we continued pumping for a while longer, yet, upon 
admiſſion of the external air, the fire, chat ſeeni'd to have been long exrin- 
guilt'd, preſently reviv'd,- and began again to ſhine, and diſfipate the ad- 
jacent fewel into ſmoke, as before. | | 

13. We, afterwards, let down into the receiver, together with a piece of 
lighted match, a large bladder, well tied at the neck, and containing only 
— pint of air, tho' capable of containing ten times as much. 


N Hhh 2 This 


raff, This was deſign d to try, whether the ſmoke of the match, repleniſhing 


| 


2. in vas 
cu. 


cocking it, we faſten d the trigger to one end of a ſtring, 


the receiver, would hinder the dilatation of the internal air, upon the ex- 


traction of the external; and to diſcover whether the extinction of the 


fire in the match, proceeded from want of air, or, barely, from the preſ- 
ſure of its own fumes. 
The event was, that, at the beginning of our pumping, the match ap- 
— well lighted, tho it had almoſt fill d the receiver with ſmoke ; 
„ by degrees, it burnt more dimly ; tho', by nimbly drawing out the 
air, and ſmoke, the veſſel became leſs opake : ſo that the longer we pump'd, 
the leſs air, and ſmoke, came out of the cylinder, upon opening the valve; 
yet the fire in the match, went out but ſlowly. And when, afterwards, 
we had darken'd the room, and, in vain, attempted to diſcover any ſpark 
of fire, we ftill continued pumping; and, at laſt, letting in the air, the fire 
quickly revived, yielded light, and plenty of ſmoke. Then we fell to 
umping a-freſh, and continued it till long after the match went out again ; 
that in leſs than half a quarter of an hour, the fire was extinguiſhed, 
beyond the poſſibility of a recovery by re- admitting the air. If the cylin- 


- der were emptied, when the receiver was full of ſmoke, immediately 


upon turning of the ſtop-cock, the receiver would appear manifeſtly dark- 
ned, to an eye viewing the light thro' it ; and this Laa was leſs, as 


the receiver contain d leſs : it was alſo inftantaneous, and ſeem'd to 
proceed from a ſudden change of place and ſituation, in the exhalations, 
upon the vent afforded them, and the air they were mix'd with, out of the 


receiver into the cylinder. We alſo obſerv'd a kind of a halo, for a con- 


ſiderable time, about the fire, that ſeem d to be produced by the ſurround- 
ing exhalations. And, when the fumes ſeem'd moſt to repleniſh the recei- 
ver, they did not, ſenſibly, hinder the air, included in the bladder, from di- 
lating itſelf, after the ſame manner it would otherwiſe have done: ſo 
that, the the match was quite extinR, the bladder appear d diſtended 
to ſix or ſeven times its former — 

We, alſo, took a ſmall receiver, * of containing about a pound and a 
half of water, and, in the midſt of it, ſuſpended a lighted match; but 
tho' within a minute, from putting in the match, we had cemented on 
the cover, yet, before we began to pump, the ſmoke had ſo fill'd the re- 
ceiver, as, apparently, to choke the fire. And finding it thus impoſlible 
to cloſe up the veſſel, and pump out the fumes ſoon enough to prevent the 
extinction of the ſire, we uſed this expedient : as ſoon as we had pump'd 
once or twice, we ſuddenly turn'd the key, and thereby gave acceſs to 
the excluded air, which ruſhing violently in, drove away the aſhes, fill'd 
the glaſs with freſh air, and re-kindled the fire; and having, by this 
means, obtain d a | lighted match in the receiver, without ſpending time, 
tocloſe it up, we exhauſted the receiver, and found the match then quickly 
ceas'd to ſmoke. 

14. We took a piſtol, and having firmly ty'd it to a ftick, almoſt as long 
as the cavity of the receiver, we primed it with dry gun-powder ; then 

whoſe other end 
| was 


— 
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was faſten'd to the key in the cover of our receiver. This done, we con- nN 


vey d the whole apparatus into the veſſel, which being cloſed up, and emp- 
tied after the uſual manner, we turn'd the key in the cover, and thereby 
ſhortning the ſtring, pull'd the trigger, and obſery'd, that the force of 
the ſpring of the lock, was not ſenſibly abated by the abſence of the air ; 
for, the cock falling with its uſual violence, ſtruck as many, and as con- 
ſpicuous ſparks of fire, as, for ought we could perceive, it did in the open 
air. Upon often repeating this experiment, we could not perceive, but that 
the ſparks of fire moved upwards, downwards, and ſide-ways, as when 
out of the receiver. 

We, likewiſe, ſubſtituted a piece of ſteel for the flint, when, the piſtol 
being cock'd, and convey'd into the receiver, we pull'd the trigger, | 
the air was drawn out; and tho' the place were purpoſely darkned, there 
appear*d not, upon the colliſion of the twof ſteels, the leaſt ſpark of fire. 
We have, indeed, found, that, by the dextrous collifion of two harden'd 

jeces of ſteel, many ſparks may be ſtruck out; but that was done with 
uch a vehement percuſſion of their edges, as could not well be procured 
V fer moſt of Geo the derin the pan of the 

But moſt of our attempts, to fire t wder in the pi- 
ſtol, fail'd, becauſe we were obliged — hang, „ 
larly, in the receiver; whereby the powder was ſhook out, before the ſparks 
could reach it. Once, however, the experiment ſucceeded; and the kin- 
dled powder ſeem'd to make a more expanded flame, than it would have 
done in the open air, and mounted upwards: upon the extinction of 
the flame, the receiver appear d darkned with ſmoke, which ſeem'd to 
move freely up and down, and, upon letting in the air, began to circulate 
much faſter than before. 


15. We convey' d into a ſmall receiver, a piece of combuſtible, dry, black 2 


4 com- 


matter; and carefully cloſing the veſſel, we brought it to a window, at l body, 
which the ſun ſhone in very freely; then, drawing out the air, we, with by the ow rays 


a burning-glaſs, threw the ſun's rays upon the combuſtible matter, which 

began immediately to ſend out a ſmoke that darkned the receiver ; but, 

_ notwithſtanding all our care, the external air got in, and fruſtrated the ex- 
riment. 

We, therefore, lodg'd this combuſtible matter in the cavity of our lar- 
geſt receiver, ſo that it was almoſt conti to the ſide next the ſun : we 
then endeavour d to kindle it, but found, that by reaſon of the thickneſs of 
the glaſs, the ſun-beams, thrown in by the burning-glaſs, were, in their 
paſlage, ſo diſlocated, and ſcatter d, that we could not, poſſibly, unite 
enow of them, to make the matter yield a ſenſi bſmoke. 


16. We convey d into the receiver, a little pedeſtal of wood, in the midſt 4, e ne- 
of which was, N erected, a {lender iron, upon the ſharp 228 


— We an 2 n 
o placed, that, hanging in equilibrium, it could move freely every 
way. Then the air — ump'd out, we employ'd a load- ſtone, mode- 
rately vigorous, to the o of the glaſs, W found W 
repell 


of ſteel, of about five inches long, was auge. 
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Dr repell'd the ends of the needle, without any remarkable difference from 


what the ſame load-ftone would have done, had none of the air been 
drawn away from about the needle ; which, when the load-ſtone was re- 
—— reſted, after ſome tremulous vibrations, in a poſition north and 


The Tomcell- 17. A ſlender, and very exact cylinder of glaſs, near three feet in 


an experiment in 
Yacuo, 


length; its bore, a quarter of an inch in diameter; being hermetically 
ſealed, at one end, was, at the other, filled with quick-ſilver; care being 
taken, that as few bubbles as poflible, ſhould be left in the mer- 
cury. Then the tube, being ſtop'd with the finger, and inverted, was 
operi'd into a long, lender, cylindrical box, half filfd with quick-filver ; 
when that in the tube ſubſiding, and a piece of — — being paſted level to 
its upper ſurface, the box and tube were, by ſtrings, carefully let down 
into the receiver; and the cover, by means of this hole, ſlipt along as 
much of the tube, as reach'd above the top of the receiver: the interval 
left betwixt the ſides of the hole, and thoſe of the tube, being exquiſitely 
fill'd up with melted diachylon ; and the round chink, betwixt the cover 
and the receiver, likewiſe, very carefully clos d; upon which cloſure, there 
appear d no change in the height of the mercurial cylinder: whence the 
air ſeems to bear upon the mercury, rather by virtue of its ſpring, than 
of its weight; ſince its weight could not be ſuppos d to amount to above two 
or three ounces; which is inconſiderable, in compariſon of ſuch a cylinder of 
mercury as it would ſuſtain. Now the ſucker was drawn down, and imme- 
diately, upon the evacuation of a cylinder of air, out of the receiver, the quick- 
ſilver in the tube ſubſided ; and notice being carefully taken of the place 
where it ſtop'd, we work'd the pump again, and mark'd how low the quick- 
filver fell at the ſecond exſuction: but, continuing thus, we were ſoon hinder'd 
from accurately marking theſtages in its deſcent, becauſe it preſently ſunk 
below the top of the receiver: ſo that we could, from hence, only mark it 
by the eye. And cut pumping, for about a quarter of an hour, we 
could not bring the quick-filver, in the tube, totally to ſubſide. Then we 
let in ſome air ; upon which, the mercury began to re-aſcend in the tube, 
and continued mounting, till having return'd the key, it immediately reſted 
at the height it had then attain'd. And ſo, by turning, and returning 
the key, we did, ſeveral times, impel it upwards, and check its aſcent ; | 
till, at length, admitting as much of the external air, as would come in, 
the quick-ſtlver was — 2 up, almoſt, to its firſt height; which it could 
not full regain, becauſe ſome little particles of air were 1lodg'd among 
thoſe of the quick-filver, and roſe in bubbles to the top of the tube. 
It is remarkable, that having, two or three times, try'd this experiment, 


mn a ſmall veſſel; upon the very firſt cylinder of air that was drawn out 
of the receiver, the mercury fell, in the tube, 18 inches and a half; and, 


© +»... at'another time, 19 inches and a half. 6 


We, bkewiſe, made the experiment in a tube leſs than two feet in 
length; and, hen there was ſo much air drawn out of the receiver, that 
the remaining part could not counter- balance the mercurial cylinder, it fell 


gn above 
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above a ſpan at the firſt ſtroke; and the external air being let in, impell'd PrzvxaziCt, 

it up again, almoſt to the top of the tube: fo little matters it, how Nr * 

or light the cylinder of quick- ſilver be, provided its gravity overpower 

the preſſure of as much external air, as bears upon the fries of that mer- 
into which it is to fall. : 

Laſtly, we obſerv'd, that if more air were impell d up, by the pump, 
into the receiver, after the quick-ſilver had regain'd its uſual fandard in 
the tube, it would aſcend ſtill higher ; and immediately, upon letting out 
that air, fall again to the height it reſted at before. | 

But, in order to fill the Torricellian tube with exactneſs, the edges of 
the open end ſhould be made even, and turned inwards, that ſo the ori- 
fice, not much exceeding a quarter of an inch in diameter, may be the 
more eaſily, and exactly ſtop d by the finger; between which, and the 

uick-ſilver, that there may be no air intercepted, it is requiſite that 
the tube be perfectly full, that the finger, preſſing 2 the protuberant 
mercury, may rather throw ſome out, than not find enough to keep out 
the air exactly. It is, alſo, an uſeful way, not quite to fill the tube, but 
to leave, near the top, about a quarter of an inch empty: for, if you then 
ſtop the open end, and invert the tube, that quarter of an inch of air, 
will aſcend in a great bubble to the top; and, in its paſſage, lick up all 
the little bubbles, and unite them with itſelf, into one great one. So that, 
if by -re-inverting the tube, you let that bubble return to the open end 
of it, you will have a much cloſer mercurial .cylinder than before ; and 
need add but a very little quick-ſilver more, to fill up the tube ex- 
actly. And, laſtly, as for ſach lefs, and inviſible parcels of air, which 
cannot be thus gather d up, you may endeayour, before you invert the 
tube, to free the quick-filver from them, by ſhaking the glaſs, and gent- 
ly knocking on the outſide of it, after every little parcel of quick-filyer 
pour'd in; and afterwards, forcing the bubbles to diſcloſe themſelves, 
and break, by applying. hot-iron near the top of the glafs ; which will 
raiſe the bubbles ſo powerfully, as to make the mercury appear to boil. 
I remember, that by carefully filling a ſhort tube, tho not quite free from 
air, we have made the mercurial cylinder reach to thirty inches, and a- 
bove an eighth; which is mention'd, becauſe we have found, by experi- 
ence, that in ſhort tubes, a little air is more prejudicial to the experiment, 
Ot WE e ents bony thre fer Aags ich commas HDd 68 
18. We fill'd a $ tube, about three feet long, with a dOen0wens. 
having inverted it into a veſſel of other k- aer, that in the tube, — 
fell down to its uſual height; leaving ſome little particles of air in 
the ſpace it had deſerted: for, by the application of hot bodies, to the u 
pt part of the tube, the quiek- ſilver would be a little depreſs'd. - 

y, having put both the tube, and the veſſel whereon it refted, into a cen- 
in wooden frame, we placed them together in a window of my cham- 
And during ſeveral weeks, that the tube continu'd there, I obſerv'd, 
that the quick- ſilver did, fometimes faintly imitate the liquor of a thermo- 
by | £1,019 en eee 541 e 6 14 e 


a4. 


8 meter; ſubſiding a little in warm, and riſing & little in cold weather; which 
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we afcrib'd to the greater, or leſſer preſſure of that little air, which re- 
main d at the top of the tube, expanded, or condens d by the heat, or cold 
of the ambient air. But, the quick- ſilver often roſe, and fell in the tube 
very conſiderably, after a manner, quite contrary to that of weather-glaſ- 
ſes, where air is at the top; for ſometimes, I obſery'd it, in very cold 
weather, to ſink much lower, than at other times, when the air was com- 
paratively warmer. And ſometimes, the quick-ſilver would, for ſeveral 
days together, reſt almoſt at the ſame height; and at others, it would in 
the 9 of the ſame day conſiderably vary its altitude; tho“ there 
appear d no change, either in the air abroad, or in the temper of that 
within my room, nor in any thing elſe, to which ſuch a, change could rea- 
ſonably be imputed; eſpecially conſidering, that the Tpace wherein the 
continued unſettled for five weeks, amounted to full two inches; 


mercur! 
deſcending in that time about ++ of an inch from the place where it firſt 


ſettled, and aſcending the other inch, and ++: and when we took the tube 


ne 
1 


out of the frame, after it had ftaid there part of November, and December, 
a large fire being then in the room, we found the mercurial cylinder to be 
above the upper ſurface of the ftagnant mercury 29 4 inches. 4 


That the quick-filver in the barometer | blown to another quarter, may, not only 
ſhould ſtand lower, when the air is ,thick | condenſe the atmoſphere, but make it 
and moiſt, than when it is dry, and clear, f heavier. Moreover, heavy ay exhala- 
ſeems to overthrow the theory of the air's | tions will increaſe the weight of the air, 
8 Indeed, to diſcover the cau- (as ſalts and metals diſſolv d in proper 

of all the minute variations in the air, is | menſtrua, increaſe the ſpecific gravity 
a very difficult task. The winds have af of them ;) and perhaps, at the ſame time, 

at ſhare herein, with the vapours, exha- add to its elaſticity. Again, the air, by 

ons, and expirations of the earth; per- theſe, or the like cauſes, being rendred 
haps alſo, the changes, which ha in heavier, is the more able to ſuſtain the va- 
the adjacent regions ; the flux 23 pours; which therefore 3 in- 
cauſed by the moon in the air, no leſ ] timately mix d therewith, an ting e- 
than in the ſea, and many other partieu- very where uniformly therein, render it 
lars, are not — Now, the air fair and clear. But, when from contrary 
is heavier, than the vapours it ſuſtains; | cauſes it becomes lighter, tis rendred un- 
its particles being more groſs, and ariſing | able to ſuſtain the vapours, which always 
from denſer bodies, than the particles of | oppreſs it; ſo that being, as it were, preci- 
vapours. But, winds may change this | pitated together, they form clouds, and 


weight of the air, in any particular re- running into drops, fall, by their increaſed 
- gion; 6 * 


„ and ing up] gravity, to the earth. Hence we ſ 
more air over it, as may eaſily happen, | what cauſes render the air heavier, a 
when two contrary winds blow ; or by | more able to ſuſtain the quick-filver in 


 Fweeping it away, and affording room for | the barometer, namely, ſuch as make the 


the fabjacent air to expand itſelf; as may {air clear and dry: but the cauſes, which 
de the caſe, when two oppoſite. winds render the air light and_ unfit to ſuſtain 
meet, or, when only one blows exceedi che mercury, produce rain. When there 
ſtrong. Thus, tis fact, that violent guſts] fore, the air is lighteſt, and the mercury 
make the mercury in the barometer t-| in the barometer loweſt, the clouds ap- 


=” to fink of a ſudden, The cold nitrous| pear very low, and in very ſwift motion; 


. 
* 


partieles of the air, or the air itſelf, ing and the air having clear'd itſelf of its 
-condenſed by cold in the aw ps | 


clouds by rain, becomes very bright and 
tranſ- 


Seb an Inequality in ths riſe, and fil of tho mercury 
der it difficult to 


terations in the air, in point of rarity and denſity. 


It to determine by the barometer, whether the moon be the 
cauſe of the tides, ' eſpecially; till the reaſon” of this odd phenomenon. be 
certainly known ; which ſeems principally to depend upon conſiderable al- 
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will; I feary ren NN 


19. We took #'tube of glaſs, about four feet in length, hermetically 4 tits experi 
ſeal d at one end, Ad it with common Water, and inverted the open end, . made with 


beneath the ſurface of à veſſel of water! Then this veſſel, with the tube 
in it, being let down into the receiver, the pump was ſet on work; when, till 


the receiver was moderately exhauſted, the tube continu'd quite full of wa- 
ter; it being requiſite,” chat a great part of the air contain d in the receiv - 


er ſhould be dravrn out, to bring the remaining to an equilibrium, with 


ſo ſhort a cylinder of water. But, when once the water began to fall in 
the tube, each exſuction of air made it deſcend a little lower; tho nothing 
near fo much, nor ſo unequally, as the quick-ſilver did. The loweſt, 
we were able to draw down the water, was, to about a foot above the 
ſurface of that in the veſſel. And, when the water was drawn down thus 
low, we found, that by letting in the outward air, it might be immedi- 
ately impell'd up again, to the higher parts of the tubbbue. 

Upon making this experiment in a ſmall receiver, we obſery'd,- that 
at the firſt exfuction of the air, the water uſually ſubſided ſeveral inch- 
es; and at the ſecond, ſometimes near two feet; whereupon letting in 
the external air, the water was impell'd up, with a very great velocity. 


20. That the air hath a conſiderable elaftic power, we have 'abundantly Whether water 


royed : but, whether water participates, in any meaſure, thereof, ſeems *® 


itherto, to have been ſcarce conſider d. 

Into a large glaſs bubble, with a long neck, we pour'd common water, 
till it reach'd about a ſpan above the bubble; and a piece of payer being 
paſted thereon, we pur it, unſtopp d, into the receiver; when, the pump 
tranſparent, ſo as to afford an excellent | poſite parts ; for in the Arlentic non | 

pelt of remote objects. But, when it | the degree of latitude anſwering to — 
is heavy, and the quick - ſilver ſtands high | the wind, almoſt continually blows weft; 
in the barometer, the heavens appear fair, and when the north-wind” blows, an air 
bur ſomewhat thick, by reaſon öf the va- | cotidens'd by cold eros x: tous. Farther, 
pours, every where equally (diſperſed in the oft ern regions, the height of 
therein, and is leſs fit to afford a good rhe barometer varies} more, than. in the 
view of objetis at a diſtance. And if 121 | ſouthern; the winds being there more 
clouds are ſeen, they be very high, and | ſtrong, changeable, and contrary to one 
move flow. When the air is at the hea- | another, on « ſmall tract of land ; where- 
vieſt, thick clouds ſometimes cover the | by, at one time, they heap up, and cone 
earth, conſiſting probably of ſuch exhala · | denſe the air, and at another, ſweep it a- 
tions, as the air, at that time, is unable | way, and rerify it. Lofty; the barome- 


to ſuſtain ; and which, cannot float. there- W leaſt between the tropies, 
in, when tis light, In our climate, the | cauſe the wind is there almoſt alwa 
barometer ſtands higheſt, when the wea- | gentle, and blows the ſame way. 

ther is coldeſt, and when the eaſt, or | Clark. Annotat. in Robavlt, & Phileſ« Ty 
north-eaſt winds blow ; becauſe, at — No. 181. 29. „ 175 
time, two winds blow together, from op- | 6 of 


— 
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elaſtic? 
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man was work'd, after the uſual manner, and a conſiderable of the ai 
W the receiver drawn out, before we diſcern d any Cop of the 


water ; but continuing to the water mani began-to aſcend in 
the ftem of the glaſs, and ſeveral bubbles, from 1 parts of the veſ- 
ſel, made their way thro' the liquor to the top of it, and there broke into 
the receiver. After the water once appear d to ſwell, at each time the 
_ air waslet out from the receiver into the pump, the water in the neck of the 
glaſs, ſuddenly roſe, about the breadth of a barley-corn, and ſo by de- 
attain'd to a conſiderable height, above the mark. And at length, 
external air, being ſuddenly re-admitted, the water immediately fubſi- 
ded, and deſerted all the additional ſpace, it had gain'd in the glaſs. 

21. We convey d into the receiver a new glaſs-vial, capable of holding 
about ſix or ſeven ounces of water; into which we had before-hand put only 
two or three ſpoonfuls of that fluid, and ſtopp'd it cloſe with a tit cork. 
The receiver being emptied, there appear d no change in the incloſed 
water; the air, impriſon'd with it, not having the force to blow out the 
ſtopple. Wherefore, we again put in the vial, leſs firmly cloſed than be- 
fore; but when the air was pumped out of the receiver, that within the 
vial quickly found little paſſages to get out at: for when the vial was put 
in the time before, the water remain'd. all the while perfectly free from 
bubbles; but now the bottom of the glaſs appear'd all cover d with them 
which, upon the return of the excluded air, preſently ſhrunk up. 

Hence it ſeem d deducible, that, whilft the vial continu'd well ſtopp'd, 
the included water ſuſtain d, from the air ſhut up with it, a preſſure equal 
to that of the atmoſphere ; ſince, till the air could get out of the glaſs, 
there appear'd no bubbles in the water, notwithſtanding the want of preſ- 
ſure in the ambient body. 

But, further, we cauſed a convenient quantity of water to be hermeti- 
cally ſeal'd up in a glaſs-egg, whoſe long neck was faſten'd to one end of 
a ſtring, the other end whereof was ty'd to the cover of our receiver; then 
the egg being convey'd into the receiver, and that being evacuated, we, 
by turning the braſs-ſtopple, ſo ſhorten'd the ſtring, as to break the glaſs; 
whereby liberty being given to the air impriſon d in the egg, to pals into 

'd 


the receiver, its ſudden receſs made ſo many bubbles ap immediately, 
and aſcend ſo ſwiftly in the water, that their, motion look'd like that of a 
Nolent ſhower of rain; except that the bubbles did not, like the drops of 
tain, tend downwards, but upwards; as ha in the diſſolution of ſeed- 
in ſome very acid menſtruum, wherein, if a large quantity of the pearls 
| ke cat has — 9 ur 5 carry'din W a ay bottom to 
the top of the liquor. without ſealing up is experiment 
may be try d in a ſmall receiver: 8 here be drawn out ſo 
Doom, that the bubbles, lurking in the water, will, immediately, diſplay 
themſelves, and aſcend in throngs. So that, having made the experiment, 
in ſach a receiver, with red wine, inſtead of water, the wine appear'd 
all cover d with a large vaniſhing white froth. 
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12. To diſcover whether the expanſion of the water well roceeded Pn ies. 
from an elaſtic power in the parts of that fluid; we fill d a g Lil, wit 
a pound and ſome ounces of water, and then put into it a glaſs- pipe, 
open at both ends, and ſeveral inches in length, ſo as to reach a little be- 
low the neck; then we carefully cemented it thereto, that no air might 
come into the vial, nor any water get out of it, but thro* the pipe; and 
the pipe, being warily fill d about half way with water, and a mark 
being paſted over-againſt the upper ſurface thereof, the whole was, by 
ſtrings, let down into the receiver: when, pumping out the air, the wa- 
ter in the pipe began to riſe, while ſome little bubbles diſcover d them- 
ſelves on its ſides; and, ſoon after, the water ftill ſwelling, there a d, 
at the bottom of the pipe, a bubble, about the bigneſs of a ſmall pea ; 
which, aſcending thro” the tube to the top of the water, ſtaid there a 
while, and then broke. Bur the pump being nimbly ply'd, the expanſion 
of the water ſo increaſed, that, quickly getting up to the top of the pipe, 
ſome drops of it began to run — along the outſide of it; which obli- 
d us to forbear pumping a while, and let it ſubſide, as it did, within 
leſs than two inches of the bottom of the pipe. Then the pump being 
in ſer on work, the bubbles began to aſcend from the bottom of the 
; of which we reckon'd about ſixty large ones, that aſcended one 
er another. And, at length, letting in the external air, the water, in 
the pipe, inftantly fell down almoſt to the bottom of it. 
hen the greater part of the air had been pump'd out of the receiver, 
the bubbles aſcended fo very ſlowly in the pipe, that their was- 
ſcarce diſcernible ; their magnitude not icting them ſufficiently to ex- 
pand themſelves in the cavity of the laſt, withour prefling againſt the fides. 
of it. And, what ſeems itrange, theſe bubbles were commonly much 
than thoſe which roſe belive them ; ſome of them being equal in 
bulk to four or five peas. 1 1 = JR 


_ And'tho', in ordinary bubbles, the air, r with the thin film of 
water that inveſts it, commonly ſwells above the ſurface of the water, and 
conſtitutes hemiſpherical bodies; the little parcels of air, that came up 
after the receiver was tolerably emptied, did not make protuberant 
bubbles; but ſuch, whoſe upper ſurface was either level with, or beneath 
that of the water: ſo that, the upper ſurface being uſually fomewhat 
convex, the leſs protuberant parts had a quantity of water above them. 

We farther obſery'd, that, in the bubbles which firſt appear d, the aſ- 
cending air made its way upwards, by dividing the water thro which it 
paſs'd; in thoſe that roſe at the latter end of the experiment, the aſ- 
cending parcels of air, having now little more than the weight of the in- 
ner vet to — 1 5 were able 5 1 themſelves, fo as to fill 

Ne e e eee 
againft the ſides of * P ee Water 7 bene e with- 
out letting any conſiderable quantity glide, down along the ſides of the 
gan that, ſomerimes, we could ſee a bubble thruſt on before it a 

hole cylinder of water, perhaps an inch high, and We 
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/ 


. 
LE 


3 eee, be 


e pipe 3, va. rting in the, ez Xt external air, ele dle, ſud- 


denly vaniſh' * 97 ad 

I it appears "that the air, and other bodies under water, may be 
| d upon as well by tlie atmoſphere, as by the weight of the 1 incum- 
| 7 water. Hence, 9 it cannot from the preceding experiment 
ately, ＋ Water  uncompreſed, has an elaſtic power; 
the intumeſcenee, produced in that experiment, may be aſcribed to 
the numerous little bub abble⸗ produced in water, freed from the preſſure of 
the atmoſphere. And hence, laſtly, it ſeems probable, that, in the inter- 
ſtices of water, there lie conceal d many parcels either of air, or ſome- 
thing analogous thereto; tho? ſo. very ſmall, that they have. not beep hither- 
to ſuſpected to lurk, there, * 

23. a + may, indeed, be con jectur d, that theſe bubbles proceed 0 
ſo much from any air in the water, as from the more fubtile parts of th 
Ae er it 


35 


e, therefore, ted pur former Experiment, in a three-foot foot tube, 
ga d 8 . in a ſmall. receiver; pee found, that, upon ta fab 
ding of 1⁰¹ bles, d broke into the upper part of the 
e ha e let in the ext air, the water, was not 
thereby _— d to the 555 within more than half an inch. Then we, 

of the receiver, and found, that, by reaſon of the 
1 which, poſſeſz d the top of the tube, we were able, not only to make 
be; water fall to a level, with the ſurface of that in the veſſel; but alſo a 
way beneath it. Now, ſince. this could not well be aſcribed to the 
ub of. <5 water y,its own weight, the water ſeems to have 
been dep by the air. 25 indeed, 7 ſurface of the water, in the 
tube, was much more concave than ug. And, by the way, when the 
water, in the pipe, was ſunk almoſt as low as the water without; we ob- 


- t of rhe hand, moderatel warm, to the 
pete 722 — W 1 the Se water would be, ſuddenly, conſi- 
derably depreſs d. having, for a While, held a 'kindled coal to the 


outſide of. the tube; the air was, by the heat, o far expanded, that it 
quickly drove the water to the bottom of the 8 which reſted ſeveral 
1 25 Tg the ſurface, of the ambient Water. Hence it appears, that 

when expanded to between nin 3 and a c times its natu- 
b will, yet, readily admit of a much x rarifaction, by 
But, to proceed ; in caſe our bubbles were YR 5 air, lurking ; in 


the mars. wg air being got 1 TN e of the tuhe, a . 1 e 


Were <q wp 

5 we out, the water, in the 
hut e Fra 1 _ Fes We, ce law one bubble appear ; 

——— de Teceiver ha and the water 

low, we. diſcover” Fig 6 e 1 5 the tube, ſome. little 


fallen very 
ence, hich fem confit of ſuch Mt e e gh, by, Fea- 


. <4. 10 
Dee fs. 
ſon of their fmallneſs, got up to the top of the wage 


"wager, with the mare 
bnlky-and vigorous fort. And having, by letting in the air, forced up 


the water into the tube, we could not perceive that it . aſcended near the 
top, tho* the engine remain d unemploy'd for two or three nights toge- 
ther. Having, alſo, try'd a like experiment with quick-ſilyer, inſtead of 
water, in a tube about a foor and a half long ; upon drawing down 
the quick-ſilver as low. as poſſible, and letting in the external air, we 
found, that ſome lurking” particles of air were got up to the top of the 
tube, and hinder'd the bick-Glver from riſing to that height again. And, 
tho" the mercury were, bs this means, brought to appear as a very cloſe 
cylinder ; yet the air, in the receiver, being again evacuated, I could per- 
ceive ſeveral little bubbles faſten d to the inſide of the tube, near the bot- 
tom. And, having purpoſely watched one or two of the principal, I ob- 
ſerv'd, that tho they grew gradually bigger, as the ſurface of the mer- 
curial cylinder fell nearer to them; ſo that, at length, they ſwell'd to a 
conſiderable bulk; yet, upon letting in the air, they did not break, but 
preſently ſhrunk up, till they became inviſible. _ 41 A 

Hence, it ſeems highly probable, that, even in the cloſeſt, and moſt 
ponderous liquors, . and, therefore, much rather in water, there may lurk 
undiſcernible parcels of air, capable, upon the removal of the preſſure of 
the atmoſphere, and that of the liquor wherein it lurks, to produce con- 
men 

From theſe ſeveral particulars, it ſeems plain, that the bubbles we have 
been treating of, were produced by ſuch a ſubſtance, as may be properly 
enough call'd air; tho we do not, poſitively, determine, whether air be a 
primogenial body, that cannot be generated, or turn'd into water, or any 
other body. This ſeems an important queſtion, and might greatly conduce 
to explain the nature of the air. © 


Many naturaliſts efteem the air to be ingenerable, and incorruptible > and Whether air may 


plauſible reaſons may be drawn, to countenance. this opinion, the * 
permanency required in the corporeal principles of other bodies. Schor- 
tus tells us, that, in the Muſaum Kircherianum, there is a glaſs, near 
half full of ordinary ſpring- water, which, having been hermerically ſeal'd 
up by the famous Clavins, is, to this day, preſery'd not only clear and 
ure, but without, in the leaſt, turning into air, tho" it has ſtood for 
ears. P; 1 8 | 
Nor doth it appear, in thoſe glaſſes which are hermetically ſeald for 


— 


Ne volatile ſalts, 
play up and down the my of a receiver; yet, after a while, faſten 
thereof, | 


wv 


Phyſico-mechanical Experiments. 


o they will readil diſperſe themſelves in the air, and 


F 


themſelves to the inſide in the form of ſalts. 
And the experiment made in our engine, with a piece of match, ſeems 


to ſhew, that even thoſe light and ſubtile fumes, into which the fire itſelf 


ſhatters dry bodies, have no ſuch ſpring as that of the air; ſince they 
were unable to hinder the expanſion of the air, included in a bladder t 


ſurrounded. _ Joſephus Acoſta, indeed, tells us, that he ſaw, in the Ve- 


Indies, ſome grates of iron ſo ruſted and conſumed by the air, that the 
metal 2 between the fingers, was like d ſtraw. Vare- 


mus, alſo, tells us, that, in the iſlands call'd Azores, the air is ſo ſharp, 
as, in a ſhort time, to fret not only N 2 Wh but the very tiles upon 
u 


the roofs of houſes, and reduce them to duſt, But it may be ſaid, 
theſe authors aſcribe ſuch effefts, chiefly, to the winds ; and that 
the corroſion, of the iron may proceed not from the air itſelf, or any 
of its genuine parts; but from 504 ſaline corpuſcles diſperſed thro” it, 
and driven, by the winds, againſt the bodies it is preſumed to fret. | 
But, to try whether water could be turn'd into air, we fill'd an 
zolipile therewith ; and placing it upon kindled coals, when the heat forc'd 


out a vehement ſtream of aqueous vapours, we ty'd an empty bladder 


about the neck of it; and finding the zolipile, after a while, to blow up 
the bladder, we carefully ty d it again, that the included ſubſtance might 
not get away. Then ſlipping it off from the zolipile, we convey'd it into 


our exha receiver, and found, that the included ſubſtance expanded 


to a much greater bulk than before. And, having again taken out, the 
ce we are ho it "1 * ty d up till the | morning, * 41 
ap little leſs tumid : upon repeating experiment, 
it very difficult to make it fo accurately, as to ſhew, that water may be 
rarify d into true air. 1 | | bin 25 HW IP 
On the other hand, we found, by experience, that water, 'd into 
vapour, may, for a while, reſemble the elaſtic power of the air. For, if 
you fill a convenient æolipile with water, and lay it upon quick-coals, you 
may, after a while, obſerve ſo great a preſſure of ſome of the parts, con- 
rain'd in it, oO others; that the water will, ſometimes, be thrown up 
into the air, above three or four feet high. And, if you then take the 
zolipile, almoſt red-hot, from the fire, you may perceive, that the water 
will, for a conſiderable time, be ſpouted out in a violent ftream. And, 
if there remains but little water in the zolipile, when tis thus taken from 
the fire ; immerſing the neck of it into cold water, you will find, that, 
after it begins to draw ſome of it in, ow will be. graerated, from time 
neck was plunged. 


to time, many large bubbles in that water wherein 


Theſe bubbles ſeem manifeſtly. to proceed from hence, that, for a 


while, the heat, in the æolipile, continues ſtrong enough to rarify part of 


the water that is ſuck'd in, and it, in the form of yapours, thro* 
that incumbent on the pipe. IF, when the eolipile is almoſt full of 
Pe e G5 rugs withch pes ue 
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of the narrow mouth thereof, it will be very ſtrongly blown with a con- fe 
fiderable noiſe. And it has been obſerved, that, by placing the brand 


almoſt at the mouth of the æolipile, the wind appear'd more vehement, 
than if it were held ſome inches from it. be 

The elaſtic power of this ſtream, indeed, ſeems manifeſtly owing to the 
heat that expands, and agitates the aqueous particles thereof; and ſuch 
rapid winds ſeem to be but water broke into little parts, and put in mo- 
tion; ſince, by holding a ſolid, ſmooth, and cloſe body againſt it, the va- 
pours condenſing thereon, will preſently cover that — with water. 

But Kircher relates a remarkable experiment, which ſeems to ſhew, that 
water is convertible into air. He tells us, that he made an hydraulic or- 


gan, which was ſupplied with wind after the following manner. There Fe: 3s. 


was built a little chamber A H, five feet high, and three broad, with 
i two tranſverſe partitions C D, and E F, perforated like a ſieve; under theſe 
© ran a pipe G, which carried the water that, by a ſtop- cock, was let out at 
* H: the water, therefore, ruſhing in violently at G, excited a very great 
% wind within; which bringing too much moiſture along with it, the 
<* partitions were contrived to purge it therefrom, that it might be con- 
% vey d more pure thro the pipe A: but to render the air ſtill more pure, 
* we made a ſpiral tube of lead QR, and inſerted it into the veſſel S: 
* by which means the air arrvied at the organ, thro the orifice Z, as dry 
4 as if it had come out of an oven”. 

Now, if the wind that blows the organ here, doth not, upon the ceſ- 
ſation of its unuſual agitation, gradually relapſe into water, I ſhould 
ſtrongly ſuſpeR, that — ron wr for water to be eaſily turn d into air; 
for it can ſcarce ſeem p le, that ſo little air, as is commonly contain'd 
in water, ſhould be able, in ſo ſmall a quantity of water, as ſeems here em- 
poy'd, to make fo violent a wind as our author ſpeaks of. I, therefore, 

pect that the wind, in this caſe, may be produced by ſmall particles of the 
water it felf, forcibly expell'd out of the chamber into the organ. And tho 
no heat intervenes, perhaps, motion alone, if vehement, may ſuffice to 
break water —_— minute parts, and make them aſcend 2 if 

cannot, ite, more eaſily, continue their agitation. For, I re- 

member, that betwixt Lyons and Geneva, where the Rhone is ſuddenly ftrait- 
ned by two rocks, exceedingly near each other, that rapid ftream, daſh- 
ing, with great im , againſt them, breaks part of its water into 
ſuch minute corpuſcles, and gives it ſuch a motion, that a miſt, as it were, 
may be obſerv'd at a conſiderable diſtance, ariſing from the place, and 
aſcending high into the air. But, it ſeems odd, that aqueous vapours 
ſhould, like a dry wind, thro' ſuch eng winding SRL as 
that deſcribed by our a ſince we ſee, in the heads ſtills, and in 
the necks of æolipiles, ſuch vapours are preſently, èven by a very little 
cold, condenſed into water. of 

We took a clear glaſs bubble, capableof png three ounces of wa- 
ter, with a long and wide cylindrical neck; this we fill'd with oil of vitri- 
ol, and fair water, of each almoſt a like quantity; and caſting in fix 


_ 7 


wer ſmall; iron nails, we ſtop d the mouth of the 


they quickly» broke: but the wideneſs of the 
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| aſs,, which was now full 
er of diapalma, and ſpeedily inverting the bubble, 
we put the neck of it into a ſmall wide-mouth'd glaſs, with more of the 
ſame liquor in it; and as ſoon as the neck had reach d the bottom of the 
liquor, there appear d, at the upper- part of the vial, a bubble, about the 
bigneſs of a uu which: ſeem'd rather to- conſiſt of new ſmall bubbles, 


duc'd by the action of the diſſolving liquor upon the iron, than any 
2 of the external air, that — uſpected to have got in u 
the inverſion of the glaſs ; eſpecially ſince we allow d time to thoſe little 
particles of air, which were carried down with the nails, to fl ur again 2 
and, ſoon after, we perceiv'd the bubbles, produced by the adtion the 


menſtruum upon the metal, aſcending in ſwarms to the former ; and break- 


ing into it, they ſoon exceedingly increas'd it, and, by d , depreſs'd the 
water, till, at lengrh, the ſubſtance contain'd in theſe bubbles, poſſeſs d 
the whole cavity of the vial, and moſt of its neck too ; reaching much lower 
therein,” than the ſurface: of the ambient liquor, wherewith the open- 
mouth'd glaſs was, by this means, almoſt repleniſhed. We ſuffer'd both 
the vial, and the e eee glaſs, to remain as they were, in a win- 
dow, for three or four days and nights together; but often looking upon 
them, during that time, as well as at the expiration of it, the whole ca- 
vity of the glaſs bubble, and moſt of its neck, ſeem'd to be poſſeſs d b 
air; ſince, by its ſpring, it was able, for ſo long, to hinder — 1d | 
liquor that ſurrounded it, from regaining its former place. And j - 
fore we took the vial out of the other glaſs, upon the application of a warm 
hand to the convex part of the bubble, the impriſon'd ſubſtance readily 
Wand itſelf, like air, and broke thro" the liquor in ſeveral ſucceeding 
bubbles. | "2 197; 
Having alſo, at another time, made the like experiment, with a ſmall 
vial, and nails diſſolv'd in Aqua fortis, we found it ſucceeded as the fore- 
ing. And here we obſerv'd,” that the fteams newly generated, did not 
only poſſeſs almoſt the whole cavity of the glaſs, but ſeveral times, of 
— — broke away in large bubbles, thro' the ambient liquor mto the 
open air: whence theſe experiments ſeem d, manifeſtly, to prove, that, in 
general, air may be generated de novo. | | Pg 1:9 22 
And if, according to the mechanical hypotheſis, the difference of bodies 
but from the various magnitudes, figures, motions, and textures 
of the ſmall. parts they conſiſt of; there appears no reaſon why the mi- 
nute parts of water, and other bodies, may not be ſo agitated, or connect- 
ed, as to deſerye the name of air. 1 Zi i e Hit . | 
24. We choſe a „ half an inch in diameter at the top, and an 
uch at the bottom; and filling it with common water, to the height of 
about a foot and a Balf, ſo that the upper part remain'd empty, we en- 
cloſed it in the receiver; and, upon pumping, obſerved bubbles at the 
bottom and ſides of the glaſs; and, increaſing as the air was drawn away, 
they, from time to time, plentifully aſcended to the wy of the water, where 


allowing them free 
| paſ- 
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paſſage thro the water, they did not, as in the former experiments, ſeem P. 


to make it ſwell; and, upon the return of the external air, the water ap- 
> "oy have loſt of its firſt extent, by the avolation of the air inter- 

rſed. f 

"We put about two ounces of rain-water, carefully diſtill'd, into a 

round glaſs- bubble, with a very ſmall neck, which was thereby fill'd half way 
to the top, and then convey'd it into the receiver; and, tho we drew out 
more air than ordinary, there appear d not the leaſt intumeſcence of 
the water, nor any aſcending bubbles. But ſuſpecting that either the 
{mall quantity of the water, or the figure of the veſſel, might affect the 
experiment, we took the former glaſs egg, and another, not much different 
from it, and fill'd the firſt, with diftill'd rain- water, to the old mark, and, 
into the latter, put a long cylinder of ſolid glaſs, to ftraiten the cavity of the 
neck; and then pouring ſome diſtilld water into that, alſo, till it reach'd 
near the top, they were both let down into the receiver: but here the air 
was ſo far exhauſted, before there appear'd any bubble in either of the 
glaſſes, that the difference betwixt this, and common water, was very ma- 
nifeft. But, at length, when the air was almoſt quite drawn out, the bub- 
bles began to diſcloſe themſelves, and to increaſe, as the preſſure of the air, 
in the receiver, decreas'd. But, in the firſt egg, the bubbles were very 
{mall, and never able to ſwell the water above the mark ; in the other, 
whoſe neck was ftraitned, great numbers of large ones, faften'd themſelves 
to the lower-end of the ſolid piece of glaſs, and gather d to ſuch a degree, be- 
tween it and the ſides of the neck, that the water ſwell'd a fingers breadth 
above the mark; tho, upon admitting the external air, it relaps d to the 
former mark, or rather Nel below it: upon which, all the bubbles pre- 
ſently diſappear d in the former veſſel; whilſt ſeveral remain'd faſten d to 
the lower- part of the glaſs cylinder, and continued there for above an hour 
after, but contracted in their dimenſions. 

And having ſuffer'd | theſe glaſſes to remain above twenty-four hours in 
the receiver, we, afterwards, repeated the experiment; but tho” the receiver 
was carefully exhauſted, yet we ſcarce ſaw a bubble in either of the glaſſes ; 
yet the water roſe the breadth of a barley-corn in the neck of that glaſs 
wherein the ſolid cylinder had been placed ; the liquor, in the other, not 
being ſenſibly ſwell d. And, laſtly, upon letting in the air, the water in 
1 raitned neck, ſoon ſubſided to the mark, above which it had ftretch- 


pouring in ſallad- oil till it reach d above half-way to the top, we inclosd 
it in the receiver, together with ſome common water in a ſimilar veſſel. The 
pump being ſer on work, there began to appear bubbles in the oil, mach ſoon- 
er than in the water ; and afterwards they, alſo, aſcended more plentifully 
in the former, than in the latter; and when the receiver was well ex- 
hauſted, the bubbles roſe almoſt as numerous as ever: ſo that none of 
the various liquors, we have try d, ſeem'd to abound more with aerial par- 
ticles, than this oil. And here 'twas remarkable, that, between the time 
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25 We took a glaſs egg, with a long neck, of about © inch in diameter, and age 
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r it was pu into the receiver, and that before we could work the pump, it 


ſubſided about half an inch below the mark it at firſt reach'd to. 

Common oil of turpentine, being put into a ſmall glaſs bubble with a 
ſlender neck, ſo as to fill it about two inches from the top, preſented us, 
upon evacuating the receiver, with numerous bubbles ; moſt of which, ri- 
ſing from the bottom, expanded themſelves exceedingly in their aſcent, and 
made the liquor, in the neck, to ſwell ſo much by degrees, that at length, 
it ſeveral times ran over at the top: whereby we were hinder'd from 
diſcerning, upon letting in the air, how much the ſinking of the oil, below 
the firſt mark, was due to the receſs of the bubbles. 

Having filld a glaſs egg with a very ftrong ſolution of ſalt of tar- 


: tar in fair water; tho' this, except quick-ſilver, is reckon'd the heavieſt 


of liquors; we try'd, whether it would afford any bubbles ; and pur- 
ting it into the receiver, along with other liquors, we found that ow yield- 
ed many bubbles, long before any appear'd in that : and upon proſecuting 


the experiment, it ſeem'd, of all the liquors whereof we made trial, this 
afforded the feweſt, and ſmalleſt bubbles. 
Sirit of vine- Spirit of vinegar, examined after the ſame manner, exhibited a mode- 


, red wine, 
— 2 


rate quantity of bubbles. In red wine, we found nothing very remarka- 
ble: for tho' upon the exſuction of the air, the bubbles aſcended in it, as 
it were inſhoals, and ſhifted places, among themſelves, in their aſcent; yet 
the intumeſcence of the whole bulk of the liquor, was ſcarce ſenſible ; the 
bubbles moſt commonly breaking very ſoon after their arrival at the top; 
where during their ſtay, they compoſed a kind of ſhallow froth, which, a- 
lone, appear'd higher, in the neck of the glaſs, than the wine, when it 
was let down. Milk convey'd into our receiver, preſented us. with 
nothing conſiderable, except that the bubbles, not eaſily breaking at the top, 
and thrufting up one another, made the intumeſcence appear much greater, 
than that of common water. 

We likewiſe convey'd hens eggs into the receiver, but after the exſuction 
of the air, took them out whole again. 

We put ſome ſpirit of urine into a 2 fill d another glaſs, to about 
two thirds of its neck, with reCtified ſpirit of wine, and a third with com- 
mon water, till it reach d to the middle of the neck, and then pour d to it 
of the ſame ſpirit of wine, till it reach d about an inch higher. Theſe glaſſes, 
having marks ſet on them, over againft the tops of the contain d liquors, 
were put into the receiver, and that beginning to be evacuated, bubbles 

to appear in all three. The mixture of ſpirit of wine and water, 
diſcloſed numerous bubbles, eſpecially towards the top, and the ſpirit of u- 
rine appear'd to ſwell near an inch and a half above the mark, and yielded 
plenty of bubbles, which made a kind of froth at the upper part of it ; and 
above that, there appear'd eight or ten great bubbles, one higher than a- 
nother, each of them conſtituting, as it were, a cylinder of about half an 
inch high, and as broad as the internal . of the neck; ſo that all the 
ided into equal parts, by m_ 

| verſe 
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verſe partitions, conſiſting of the coats of the bubbles, whoſe ap- Pravxcaries, 
Fa 1 edges ap- NN 


pear d like ſo many rings, ſuſpended one above another. 

In the ſpirit of wine, there aroſe a great multitude of bubbles, all the 
while the experiment was in hand, which aſcended with a great velocity, and 
being arriv d at the top, made no ſtay there; yet, notwithſtanding the 
great fluidity and por = the the liquor, before they broke they lifted up the 
upper ſurface of it, and for a moment or two, form'd thereof, a thin film, 
which appear d protuberant, above the reſt of the ſuperficies, like a ſmall 
hemiſphere : theſe alſo aſcended in ftrait lines, whilſt thoſe produced at 
the lower part of the veſſel, containing the mixture of the water and ſpi- 
rit of wine, aſcended with a wavering motion, deſcribing an indented line. 
Laſtly, it was obſervable in the ſpirit of wine, as alſo in the oil of turpen- 
tine, lately mention'd, that not only the bubbles ſeem'd to riſe from deter- 
minate places, at the bottom of the glaſs; but that, in their aſcent, 
they kept an almoſt equal diſtance from each other, and ſucceeded in a cer- 
tain order, whence they ſeem'd part of ſmall bracelets, conſiſting of equally 
ſmall ſeparate beads ; the lower end of each bracelet being, as it were, 
faſten'd to a point, at the bottom of the glaſs. 

The air being ſparingly let into the receiver, the great bubbles incumbent 
upon one another, in the glaſs that contain'd the ſpirit of urine, were by 
regular degrees leſſen d, till at length, they wholly ſubſided. Notwith- 
ſtanding the receſs of ſo many bubbles as broke on the top of the ſpirit of 
urine, during all the time of —_ yet it ſcarcely appear'd, atall 
ſunk below the mark. Nor did the mixture of ſpirit of wine and water 
conſiderably ſubſide. But the ſpirit of wine, not only viſibly expanded it- 
ſelf in the neck of the veſſel, that contain'd it, whilft the bubbles broke at 
the top of it, almoſt as ſoon as they arrived there ; but upon the re-admiſſion 
of the external air, it retain'd its new expanſion. And, tho we let it alone, 
for near an hour together, yet when we took it out, it ſtill ſwell'd between 
a quarter and half an inch above the mark. Repeating the experiment 
with freſh ſpirit of wine, it fwell'd in the neck as formerly; and leaving it 
all night in the receiver, and allowing free acceſs to the external air at the 
ſtop-cock, I found it, the next day, ftill expanded, as before; only it 
ſeem'd a little lower; which decreaſe, perhaps, proceeded from the avola- 
tion of ſome of the fugitive parts of the liquor. And for farther ſatisfac- 
tion, having taken out the glaſs, and conſider d it in the open air at a win- 
dow; I could not find, that there was any remaining bubble to occaſion 


the continuance of this ſtrange expanſion. 


26. We took two very ſmall vials, of the fize and ſhape expreſs d in The 
Fig. 36. and into one of them, put ſo much of a certain ponderous mercu- 3” 


rial mixture, that, the mouth being ſtop d with a little ſoft wax, the glaſs 
would but juſt ſink in water: this we let fall to the bottom of a wide- 
mouth'd cryſtal jar, fill'd with about half a pint of common water; and 
into the ſame veſſel, we ſunk the other glaſs, unſtop'd, with as much water 
in it as was more than ſufficient to make it ſubſide. Both theſe ſunk with 
their mouths downwards ; the 8 being about three quarters full of air, 
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8 and the latter containing in it a bubble of air as big as half a pea; then 


the wide- mouth d glaſs was let down into the receiver, and the engine be- 
ing work d, the bubbles began to appear in the water, as in the former ex- 
periments; but continuing long to ply the pump, that little glaſs, whoſe 
mouth was open'd, came to the 2 the water; being, as it were, 
buoy'd up by a t number of bubbles, that had faſten d themſelves to 


the ſides of it; and ſwimming thus, with the mouth downward, we could 


eaſily perceive, that the internal air above- mention d, had much dilated 
itſelf, and thereby ſeem d to have contributed to the emerging of the glaſs, 
which remain d floating, notwithſtanding the breaking, and vaniſhing of 
moſt of the contiguous bubbles. And perſiſting in pumping, we obſerv'd, 
that at each time the key was turn'd, the air, in the little glaſs, manifeſt- 
ly expanded itſelf, and thruſt out the water ; generally retaining a very 
protuberant ſurface, where it was contiguous to the remaining water. 
And when, after ſeveral exſuctions of the air in the receiver, that in the 
vial ſodilated itſelf, as to expel almoſt all the water, it turn'd up its mouth 


towards the ſurface of the water in the jar, and there deliver d a large 


bubble, and then relaps d into its former floating poſture. 

This experiment taught us, that it was a work of more time and la- 
bour, than we imagin d, to exhauſt our receiver as much as it may be 
exhauſted ; for tho before the ſmal viall emer we thought the recei- 
ver conſiderably emptied, becauſe there ſeem d to come but very little 
air at each exſuction, out of the cylinder; yet, afterwards, the air inclu- 
ded in the vial, manifeſtly dilated itſelf upon each ſtroke, ſo long, that for 
nine times it turn'd its mouth upwards, and diſcharg'd a bubble about the 
bigneſs of a pea. But that vial which had the weight in it, roſe not at 
all: then leiſurely letting in the air, that within the vial ſhrinking into 
a very narrow compaſs, the glaſs fell down to the bottom of the 


Jar. 
But being deſirous to try once more, whether the little glaſs with 
the weight in it, might not alſo be rais'd ; after we had ſuffer d the en- 
gine to remain clos d, as it was, for five or ſix hours, the 2 was a- 
gain ply'd fo vigorouſly, that not only about the upper- part of the jar, 
there appear d a large number of ſmall bubbles; but afterwards, there 
came from the bottom of the jar, ſome as large as ſmall peas, which, the 
pump being ſtill kept 7 „follow d one another, to the number of forty, 
ing from the ſtop" val, whoſe mouth, it ſeems, had not been ſhut ſo 


. cloſely, but the included air found a paſſage betwixt the wax and the 


After this, the unſtop'd glaſs began to float again ; the air ſhut u 

in it, being ſo dilated as to expel a large part of the water, but not ſo 
much as to break quite thro. And, at length, the heavier of the two 
vials began to riſe, but immediately ſubſided again : which ſeem'd owin 

to the air within it, whoſe bulk and ſpring being weakned by the receſs 
of the forty bubbles, it was no longer able to break thro' the incumbent 
water; hut forming a bubble, at the mouth of the glaſs, buoy d it up to- 
wards the top, and there getting away, left it to ſink again; * 


— 
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ſure of the air in the receiver, being farther taken off, the air, in the vial,PrzvxariCE. 


was permitted to expand itſelf farther, and create another bubble, by 
which it was again, for a while, carry'd up. And tho', after having 
empty'd the receiver as far as we well could, we ceaſed from pumping ; 
yet the veſlel, continuing more ſtanch than uſual, this aſcent, and fall of 
the vial were repeated to the ninth time; the included air, by reaſon of 
the ſmallneſs of the vent at which it muſt paſs out, being not able to get 
away, otherwiſe than by ſmall degrees, and, conſequently, in ſeveral ſuch 
parcels as were able to conſtitute bubbles, each of them big enough to raiſe 
the vial, and keep it ſuſpended, till the bubble flew off? Hence it may 
appear, that a body, lighter than an equal bulk of water, will float in 
that fluid, when the preſſure of the atmoſphere is, in very great meaſure, 
taken off from the liquor, and the body: tho it were worth inquiring, 
what it is, that ſo plentifully concurs to fill the bubbles made, in our ex- 
periment, by the air ſo much expanded. 

In this experiment, as in the former, the external air being let in, ſoon 
2828 the floating veſſel. And the water which, in the heavier vial, 
ucceeded in the room of thoſe forty, or more, great bubbles of air, 
_— at ſeveral times, got out of it; was of a very inconſiderable 


27. It having been obſerv d, that pendulums vibrate more flowly, and r 


that their motion ſooner ceaſes in a thicker, than in a thinner medium zi 
we thought proper to try if a pendulum would move faſter, or vibrate 

longer, in our exhauſted receiver, than out of it. We, therefore, took 

two round poliſhed ſteel-pendulums, of equal bigneſs, each of them — 
ing twenty drams, bating ſo many grains. One of theſe we ſuſpended in 
the cavity of the receiver, by a very ſlender ſtring, about ſeven inches and 
a half in length, from the cover of the receiver whereto it was faften'd. 
Then we made the pendulum ſwing, and, counting the returns of the 
other that hung in the open air, by a ſtring of about the ſame length, we 
ſhorten'd and lengthen'd this, till it appear'd to keep the ſame pace with 
that in the receiver. Then, having carefuily drawn away the air, we 
again made the pendulum in the receiver, vibrate ; and, giving the other 
ſuch a motion, as caus'd it to deſcribe an arch, ap arent equal to that 
of the included pendulum, we counted the recurſions of both; and we 
reckon'd two and twenty vibrations of the included pendulum, whilſt but 
twenty were obſery'd of the other. And at another time, alſo, the for- 
mer was found to have made twenty-one returns, whilſt the other made 
but twenty. Yet this experiment ſeem'd to teach us little, except that the 
difference betwixt the motion of ſuch a pendulum, in common air, and in 
a medium exceedingly rarify'd, is ſcarce ſenſible in veſſels no bigger than 
our receiver; eſpecially, ſince we could not ſuppoſe that to be altogether 
free from air. We obſerved, alſo, that, when the receiver was full of air, 
the included pendulum continu'd its recurſions about fifteen minutes, be- 
fore it left off ſwinging ; and that, after the exſuction of the air, the vi- 
bration of theſame pendulum appear'd not to laſt ſenſibly longer. 


28. That 
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Puzuxat1C®. 28. That the air is the medium whereby ſounds are convey'd to the 
car, was a current opinion, till ſome pretended, that if a bell, with a 
bell is the ex- ſteel clapper, be faſten d to the inſide of a tube, upon making the = 
bafted receiver. ment de vacuo, with it, the bell remaining n the deſerted ſpace, 
at the upper end of the tube; if a vigorous load- ſtone be apply'd on 

the 9 of the glaſs, it will attract the clapper; which, upon the re- 
moval of the load-ſtone, falling back, will ſtrike againſt the bell, and 
thereby produce a very audible ſound : whence, ſeveral have concluded, 
not the air, but ſome more ſubtile body, to be the medium of ſounds. But 
ſuſpending a watch, freed from its caſe, in the cavity of our receiver, by 

a packthread ; and then, — up the veſſel with melted plaiſter; we 
liſten d near the ſides of it, and plainly heard the balance beat, and ob- 
ſerv d, that the noiſe ſeem d to come directly in a ſtreight line, from the 
watch to the ear. We found, alſo, a manifeſt difference in the noiſe, by 
holding our ears near the ſides of the receiver, and near the cover of it; 

. Which ſeem d to proceed from the difference between the glaſs, the cover, 
and the cement, thro which the ſound was propagated. Bur, upon work- 
ing the pump, the ſound grew gradually fainter ; ſo that, when the re- 
ceiver was emptied as much as uſual, we could not, by applying our 
-ears to the „ N of it, hear any noiſe from within; tho' we could ea- 
fily perceive, „ by the motion of the hand which mark'd the ſeconds, 
and by that of the balance, the watch neither ſtood ſtill, nor ſeem'd ir- 
regular. And, to ſatisfy ourſelves farther, that it was the abſence of the 
air about the watch, that hinder d us from hearing it, we let in the ex- 
ternal air at the ſtop- cock; and then, tho we turn'd the key, and ſtopp d 
the valve, yet we could plainly hear the noiſe made by the balance; tho 
we held our ears, ſometimes, at the diſtance of two feet from the outſide 
of the receiver. And this experiment, being repeated, ſucceeded after 
the like manner: which ſeems to prove, that the air is, at leaſt, the prin- 
cipal medium of ſounds. And, by the way, it is very well worth noting, 
that, in a veſſel ſo exactly cloſed as our receiver, ſo weak a pulſation as 
that of the balance of a watch, ſhould propagate a motion to the ear, in a 
freight line, notwithſtanding the interpoſition of glaſs, ſo thick as that of 
our receiver. We, afterwards, took a bell of about two inches in di- 
ameter at the bottom, which was ſupported, in the midſt of the cavity of 
the receiver, by a bent ſtick, preſſing with its two ends againſt the oppo- 
ſite of the inſide of the veſſel; which, being cloſed up, we obſerved 
the bell to ſound more dead than in the open air. And yet, when we 
had empty d the receiver, we could not diſcern any conſiderable change in 
the loudneſs of the ſound: whereby it ſeem'd,” that, tho' the air be. the 
principal medium of ſound ; yet, either a more ſubtile matter may be, alſo, 

a medium of it; or elſe thatan ambient body, that contains but few particles 
of air, is ſufficient for that purpoſe. Whence, perhaps, in the above-men- 
tion d experiment, made with the bell and the load- ſtone, there might, in 
the deſerted part of the tube, remain air enough to produce a ſound. 


But 
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But as, in making the experiment of firing gun-powder with a piſtol in P*zumaricg: 


our evacuated receiver, the noiſe made by the flint, ſtriking againſt the 
ſteel, was exceeding languid, in compariſon of what it would have been 
in the open air: ſo, on ſeveral other occaſions, it appear d, that the 
ſounds produced there, if they were not loſt, ſeem'd to arrive at the ear 
very much weakned. 


29. We have a liquor which, tho* moſt of its ingredients be metals, and 4 fig l 
all of them ponderous, is yet of ſuch a nature, that, whilſt the vial where- * . 


in it is kept, remains ſtopp'd, appears tranſparent, as, alſo, the u 

art of bo laſs, to which - 1 not; but as ſoon as . — 
ſtopple is taken out, and full acceſs given to the external air ; both the un- 
der * ＋ of the cork, and the liquor itſelf, preſently ſend upwards, and 
diffuſe a fume, as thick and white as if a quantity of alabaſter-duſt were 


thrown up into the air. And this ſmoking of the liquor — till the vial 
Adeniy es. 


be ſtopp'd again; and then the aſcent of the fumes ſu 

To a vial of this fuming liquor, we faſten'd a weight of lead; and, 
having ty'd to the ſtopple one end of a ſtring, whilſt the other was made 
faſt to the cover of the receiver, the liquor was carefully cloſed up; and, 
the air being diligently pump'd out, we unſtopp'd the vial. And tho, im- 
mediately upon drawing out the cork, there appear'd ſome white fumes, 
which ſeem'd to proceed from the air being impriſon'd in the vial, and dif- 
fuſing itſelf ſuddenly into the receiver ; yet we afterwards obſery'd, that 
the fumes did not mount, and diſperſe themſelves, as they uſed to do in 
the air; but, aſcending to the lip of the vial, they ſtopp'd there, and 
ran down along the outſide, and thence along an inclining piece of lead, 
on which the vial reſted, like a little ftream, that quitted not the vial, till 


it was come to the bottom of it, and there forſook It, like a ſtream of wa- 


ter of the ſame bigneſs. Then, letting in ſome of the external air, the ſtream 
run a-freſh, tho not altogether ſo large: and, after the receiver was fill'd 
with air, I found, to my ſurprize, that, tho" the ſtream diſappear'd, yet 
no white fumes aroſe, either from the cork, or out of the vial ; no, not 
when the cover was removed from the receiver : tho', after a while, there 


aſcended white fumes from the receiver. But, having immediately taken out 


the vial into the = air, it emitted white exhalations, as 

having, preſently after, 

and cork, immediately yielded a much more plentifal ſmoke ; tho 
it were now ſeveral years fince this parcel of liquor was prepared. 

30. Intoone of our ſmall receivers, we convey'd a piece of well-li 
match; and, letting it remain there, till it had fill'd the receiver with 
ſmoke, we took it out, and immediately cloſed the receiver again, that 
the ſmoke might not get away. Then ſtaying, to let theſe fumes leiſurely 
ſubſide, we found, id after ſome time, they ſettled themſelves in the 
lower half of the receiver, in a darkiſh body; leaving the upper half tranſ- 
parent, and, as to ue full only of clear air. Al 
that contain'd this ſmoke, ſomerimes to one fide, and ſometimes to the 
other ; we obſerv'd the fume to keep its ſurface almoſt horizontal, as wa- 

| ter, 


unſtopp' d it in an open window, we found both it, | 


inclining the veſlel 


Smoke in vacuos 
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nter, or any other liquor, would have done in the like caſe. And if, by a 


i * * ** 


In vacuo. 


quicker rocking of the engine, the ſmoke were more ſwiftly ſhaken, it 
would, like water, either vibrate from one ſide to the other of the glaſs ; 
or elſe have its ſurface manifeſtly curl'd, like waves, and preſerve itſelf, 
in an entire and diſtin body, from the incumbent air; and, hajng r- 
mitted to reſt a while, would ſoon recover its former ſmooth and level 
ſuperficies. If, alſo, the key were turn'd, and the valve unſtoppd, ſo 
that there was a free paſlage open'd betwixt the external air, and the ca- 
vity of the receiver; then would ſome of this ſmoke fall down, as it were, 
in a ſtream, into the ſubjacent cylinder; and a proportionate quantity of 
the outward air, would, manifeſtly, aſcend thro* it, into the incumbent 
air; after the ſame manner, as, when a vial, with a long neck, fill'd with 
red wine, being inverted into a glaſs of fair water, the water and wine, 
by degrees, mix, as it were, in little curl'd ftreams with each other ; the 
one falling down, and the other aſcending in its place. And if, when the 
ſuperſicies of our ſmoke lay ſmooth, and horizontal, a hot iron were held 
near the outſide of the receiver ; the adjacent of the included fumes, 
being rarify'd by the heat, would readily in a large pillar of ſmoke, 
to the very top of the receiver; yet, without ſeeming to loſe its diſtinct 
ſurface, or to be confounded with the air, below which, upon the receſs 
of the adventitious heat, it would again ſubſide. 1 
Since, then, there is ſo vaſt an inequality in the denſity and weight of 
liquors ; we may conſider the atmoſphere as a peculiar kind of thin fluid, 
much lighter than ſpirit of wine. And as waves appear d upon the ſur- 
face of our agitated ſmoke ; ſome ſuch thing may, poſſibly, happen on 
the ſuperficies of the atmoſphere: as may be conjectur d from thoſe ſtrange 
inequalities that often appear, eſpeciall when the air abounds with ex- 
halations and vapours, the limb of the ſun in its riſing and ſetting. 
And if this phenomenon be owing to the refraction, which the ſun's rays 
ſuffer in our air; tis eaſy to ſuppoſe the ſurface of the atmoſphere to 
often, as we ſaid, exceedingly curl'd, or wav'd. And, certainly, it is 
ſurprizing to ſee how, thro a — teleſcope, there will not only appear 
* in the edge of the ſun, which often ſeems to be indented; but 
thoſe inequalities yaniſh in one place, and preſently appear in another, and 
ſeem mg to move, like waves ſucceeding and deſtroying one ano- 
ther: only their motion frequently ſeems to be quickeſt ; as if, in that 
vaſt ſea, they were carry'd on by a current, or a tide. And this, alſo, 


. 


appears to the eye, when a large, and well defined image of the ſun, is, 


by the teleſcope, caſt upon white 12 
31. It hath been thought — 5M perfectly poliſh d ſurfaces of 
two flat pieces of marble being apply d to each other, ſhould ſtick ſo 
faſt together, that the lower may be raiſed, by taking of the upper. 
But, as this ſeems owing to the unequal preſſure of the air upon the un- 
dermoſt ſtone, the lower . NN of = being freely expoſed therero, 
and preſs d upon by it, whilſt the upper ſurface is defended: therefrom ; 
which, conſequently, preſſing the lower ftone againſt the upper, hinders 
| it 
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ground to. one another, and together ſuſpended in our evacuated receiver, 
the lower ſtone would fall from the upper: but we could not procure mar- 
bles to be ground ſo true, as to ſuſtain one another in the air for above a 
minute or two, which is a much ſhorter time, than is required to empty our 
receiver. We did, indeed, try to make our ES cloſe together, 
by moiſtning their ſurfaces with rectified ſpirit of wine; but to little pur- 
poſe ; for having convey'd into the receiver two black ſquare marbles, the 
one with its fide two inches and a third, and ſomewhat more than half an 
inch in thickneſs, the other of equal ſurface, but not above half fo thick, 
faſtned together by means of that ſpirit; and having ſuſpended the thicker 
by a ſtring from the cover, we found not, that the exſuction of the air 
would ſeparate them, tho a weight of four ounces were faſten d to the 
lower, to facilitate its falling. 3 

I would gladly have the experiment try d with marbles, ſo well poliſh'd, 
as to need no liquor to make them cohere, and in a veſſel, out of which, 
the air may be more perfectly drawn, than it was out of ours. But, tho 
we will not determine, whether the ſpirit of wine contributed to the ſtron 
coheſion of theſe ſtones, otherwiſe than by keeping the ſubtileſt parts of 
the air from getting in between them ; yet it ſeem'd, that the reaſon 
why the lower marble fell not, was, probably, becauſe of the preſſure 
the air remaining in the receiver; which, as we formerly noted, being 
able to ſuſtain a cylinder of water, of above a foot in height, may be ſup- 
poſed capable of keeping ſo broad a marble from deſcending. And, tho 
this may ſeem. a ſtrange proof of the ſtrength of the ſpring of the air, e- 
ven when rarified ; yet it will ſcarce appear incredible to him, who hath ob- 
ſerv'd,. how — ſtrong a coheſion may be made, betwixt broad bo- 
dies, only by immediate contact. A notable inftance of this, is given 


the learned Zucchius, who tells us, that ** a young fellow, bragging | 


us b 
* of, his ſtrength, ſome body ſet him to pull at the ring in the middle of a 
© braſs-plate, that lay upon a poliſh'd marble, whereto, it was exactly 
* ond : this he thought a trivial matter ; but 'after his utmoſt endeavour, 
found it impoſlible to ſeparate them by direct pulling ; which made him 
< imagine they were faſtned together, by means of ſome vehement ſtrong 
© glew, till he ſawthe plate, afterwards lifted by another, who, firſt ſlipt ĩt 
along the marble ©. | 

33: Our receiver being exquiſitely clos'd, and the air, in a 
drawn out, we remov'd it from the pump, and to the lower branch of the 


ſtop-cock, ſpeedily apply d a tapering valve of braſs, made fit to go with Fr · 37 


its narrower end into the cavity of the branch, and to fill the orifice of that 
cavity with its broader part. And, that the air might not get in at the lit- 
tle intervals, between the convex ſurface of the ſtopple, and the internal 


edge of the branch, they were ſtop'd with diachylon. And, to the door 
of the valve, there was, at a button of braſs, faſten'd a broad ſcale, wherein, 


weights were to be put. This done, the key of the ſtop-cock was turn'd, 
and the external air beating like a forcible ſtream upon the valve to get in 
Vo. IL EET > f there, 


44 
it from falling; we therefore conjectur'd, that two marbles, being exactly rv Ui. 
F | ns Of SYN. 


An erecf preſ- 
meaſure, 2 . 
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Pravicuric® there, it ſuddenly ſhut the valve, and kept it ſo cloſe, that we had time 


. 
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to caſt in ſeveral weights, one aſter another, into the ſcale, till at length, the 
weight overpowering the ure of the atmoſphere, drew down the 
valve by the ftrings that ty'd the ſcale to it, and gave li to the outward 
air to ruſh into the receiver. Tho, another time, when valve had but 
little weight hanging to it, being, by accident, drawn down beneath its for- 
mer place, it was, * the impetuous current of the external air, ſuddenly 
impell'd up into it again, and kept there. But, in the former experiment, tho 

the receiver were not well exhauſted ; tho” it leak d, whilſt the reſt of the 
experiment was in hand; and tho the valve, whereon the cylinder of the 
atmoſphere could preſs, were not above an inch and a half in diameter; yet 
the whale weight, ſupported by the air, amounted to about ten pounds, of 
ſixteen ounces each: ſo that, had the experiment been made with favoura- 
ble circumſtances, the air endeavouring to preſs in, at the orifice of the 
ſtop-cock, would very probably have Fept a much greater weight from 
falling our of it. 


oF 33. But our pump, alone, may afford us a nobler inſtance of the force of 


the air; ſo that, by means of this part of our engine, we may conjecture at 
the ſtrength of the atmoſphere, computed as a weight. For, firſt, the ſucker, 
t to move eaſily up and } BEA the cylinder, being impell'd to 


the top of it, r that t he upper o- 
eel 


rifice of the cylinder remaining open, the air may ſucceed the ſucker, 
and, therefore, readily yield to its motion down ; and there bei 

faſten d to one of the iron teeth of the ſucker, ſuch a weight, as may j 

ſaffice todraw it to the bottom of the cylinder ; we may hence find the weight 
neceſſary to draw down the fucker: and when the atmoſphere makes the 
ordinary reſiſtance againſt its deſcent, the ſucker being again forc'd to 
the top of the cylinder, whoſe upper orifice. muſt now be exactly clos'd; 
r by hanging a ſcale to the above-mention'd iron, that 
makes the ſucker, caſt in known weights, till the ſucker be drawn 


down; then, to theſe weights in the ſcale, that of the ſcale itſelf being 


added, the ſum will give us the weight of a column of air, equal in dia- 
meter to the ſucker, or to the cavity of the cylinder, and, in length, to the 


1 atmoſphere. 

g ing to this method, we attempted to meaſure the preſſure of the 
atmoſphere, but found it more difficult, than we expected, to rm it 
accurately; for tho, by the help of the handle, the ſucker mov d up and 
down with great facility; yet, when it came to be mov'd by a dead 


_ weight, we that the little inequalities, and, perhaps, the unequal 


e of the leather againft the cavity of the cylinder, now and then 
d the deſcent or aſcent of the ſucker ; tho' a very little external help, 
would eaſily ſurmount that impediment. We found then, that a weight of 
twenty-eight pounds, being faſten d to one of the teeth of the ſucker, 
drew it down cloſe, when the upper oritice of the cylinder was left open; but, 


by the help of oil, and water, and the frequent working of the ſucker 
with the handle, its motion in the cylinder had been before purpoſely fa- 


cilitated 
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cilita Then the upper orifice of the cylinder was very 'd ;PravzcariOn. 
the valye being li e ſhut, with its * well oiled, after ures LV 
had again impell'd up to the top of the cylinder. 'To the former 
weight we now added a hundred and twelve pounds, which forcing down 
the ſucker, tough but leiſurely, we took off the 28 pound weight, and 3 
hung on, inſtead of it, fourteen pound; but found that, with the reſt, un- 
able to carry down the ſucker. And to ſatisfy ourſelves it was the reſi- 
ſtance of the ambient air, that hinder'd the deſcent of ſo great a weight ; af- 
ter we had try'd, that upon unſtopping the valve, and thereby opening an 
acceſs to the external air, the ſucker would be immediately drawn down 
having forcibly depreſs'd the ſucker, to the bottom of the cylinder, and 
then faſten d weights to the iron, the preſſure of the external air, finding 
little reſiſtance, in the cavity of the cylinder, preſently began to impel the 
ſucker, with the weights that clogg d it, towards the upper art of 
the cylinder, till ſome ſuch accidental impediment, as we y men- 
tion d, check d its courſe ; and when that was remov d, it would continue 
its aſcent to the top. And tho”, poſſibly, there might remain ſome parti- 
cles of air in the cylinder, after the ſucker was drawn down; yet the 
preſſure of a — 7 — of the atmoſphere, ſomewhat leſs than three in- 
ches in diameter, uncompreſs d, not only ſuſtain d, but drove up a wei 
of a hundred and odd pounds: for, beſides the weight of the whole ſuc- 
ker itſelf, which amounts to ſome pounds, the weights annex d to it, made 
up a hundred and five pounds; yet all this falls ſhort of the weight juſt 
ſaid to be ſuſpended, by the nce of the air, in the cavity of the cylin- 
der. This experiment was made in the winter, the weather neither 
nor rainy, about the change of the moon; and at a place whoſe latitude 

is about 51 degrees and a half: for, perhaps, the force, or preſſure of the 
air, may vary, according to the Cabos of the year, the temperature of 
the weather, the elevation of the pole, or the phaſes of the moon ; any of 
them ſeeming able to alter either the height, or conſiſtence of the atmo- 
ſphere. And therefore, it would not be amiſs, if this experi were 
try d ac gps at ſeveral times and places, with variety of circumſtances. 
It might, alſo, be try'd with cylinders of ſeveral . 
fitted with ſuckers ; that we might know what p 10n / aan 
of the atmoſphere, bear to the weight they are able to ſuſtain, or lift up; 
and conſequently, whether the increaſe, or decreaſe of the reſiſtance of 
the ambient air, can be reduced to any regular proportion, to the diame- 
ter of the ſuckers. "Theſe, and other which may be made 
with this cylinder, might, moſt of them, * more exactly try d by the Tor- 
ricellian tube; if glaſs could be blown, and drawn perfectly cylindrical. 
Here we may obſerve, that as many other phenomena of our engine, The nate 4 
ſo eſpecially the two laſt experiments, ſeem to ſhew the nature, or cauſe 
of ſuftion. It's true, indeed, in ſucking, we commonly uſe ſome mani- 
feſt endeavour, by a peculiar — . our mouths, cheſts, c. yet it 
* not how the upper part of the emptied cylinder, that remains at 
all che while, or any RR, endeavours to draw r 
2 ; er, 
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ſucker, and the annex'd weights to it; tho ſuch as behold the aſcent 


. 3 
of the ſucker, without conſidering the cauſe of it, readily conclude it to be 


rais d by ſome ſecrer thing, that powerfully ſucks'or attracts it. Whence 
it ſeems not abſolutely neceſſary to ſuction, that there be in the body, 


which is ſaid to ſuck, an endeavour, or motion in order thereto; but ra- 


ther that ſuftion may be reduced to truſion, and its eſſects aſcribed to a 

ure of the neighbouring air, upon the bodies contiguous to that which 
is ſaid to attract them. 'To object here, that ſome particles of air, re- 
maining in the emptied cylinder, attracted this weight, to obviate a va- 
cuum, is to no purpoſe; unleſs it can clearly be made out, by what grap- 
pling inſtruments the external air could take hold of the ſucker; how ſo 
little of it obtain d the force to raiſe ſo great a weight; and why, upon 


luerting a little more air into one of our evacuated veſſels, the attraction 


is much weakned. For that ſtill there remain d in the exhauſted cylinder 
many little empty ſpaces, may appear by the great violence wherewith 
the air ruſheth in, if it be permitted to enter. In the next place, theſe 
experĩments may teach us, what to judge of the vulgar axiom, That na- 
ture utterly abhors a vacuum; ſo that no human power is able to make one 
in the univerſe. For, if by a vacuum we — a place perfectly free 
from all corporeal ſubſtance, it may be plauſibly maintain'd, that there is 
no fuch op hu the world. But the generality of the pleniſts take not the 
word in fo ſtrict a ſenſe. For when they alledge, that by ſucking water 
thro” a long pipe, the liquor, contrary to its nature, aſcends into the mouth, 
only to fill up that ſpace, made by the dilatation of the breaſt and lungs, 


Which would, otherwiſe, in part, be empty; and when they tell us, 


that the reaſon why in a gardener's watering-pot, conically ſhaped, and 
filled with water, none falls thro* the numerous holes at the bottom, 
whilft the orifice at the top, is closd ; muſt be, that if, in caſe the 
water ſhould deſcend, the air being unable to ſucceed it, there would be 
left a vacuum at the upper part of the veſſel, they ſeem to mean by a 
vacuum, any ſpace here below, that is not fill'd with a viſible body, or, at 
leaſt, with air, tho” it be not quite deſtitute of all bodies whatſoever: 
Taking then, a vacuum in this vulgar and obvious ſenſe, the common 
i nion about it ſeems liable to ſeveral exceptions, whereof ſome of the 
chief are ſuggeſted by our engine. ＋ | bf 
It ſeems unintelligible, how hatred, or averſion, which is a paſſion of 
the ſoul, can either for a vacuum, or any other object, be ſuppoſed in 
water, or any inanimate body, which cannot be preſum'd to know when 
4 vacuum would enſue; if they did not attempt to prevent it; nor to 


- = —— to what is moſt conducive to their own particular preferva- 
good 


tion, for t 


of the univerſe. The meaning, therefore, of this meta- 
phorical' expreſſion ſeems to be, that by the wiſe author of nature, the 
univerſe, and the parts of it, are fo contriv'd, that it is as hard to make 
a vacuum in it, as if they ſtudiouſly conſpired to prevent it. Ks 
But our experiments teach, that this ſuppoſed averſion of nature to a. 
vacuum, is merely accidental, or conſequent upon the weight, n.. or 
; . KK. : uUxl- 
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of the air, whoſe conſtant endeavour to expand every way, makes 
it either ruſh, or compel the interpoſed bodies, into all ſpaces where it 
finds no greater reſiſtance than it can ſurmount ; and ſhew, that the pow- 
er, exerciſed by nature, to avoid, or repleniſh a vacuum, is limited, and 
may be determined even to pounds and ounces *. 

And the experiment we are now upon, affords us a notable proof of the 
unheeded ſtrength of the preſſure ſuſtain? d by the free air, which we pre- 
fume to be uncompreſs'd : for hence we ſee, that even in our climate, 


and without any other compreſſion than what is natural, or ordinary, it 


bears ſo ſtrongly upon contiguous bodies, that a 1 of it, not exceed 
ing three inches in diameter, is able to raiſe, and carry up a weight, a- 
mounting to between ſixteen and ſeventeen hundred ounces. In more nor- 
thern eountries, the air may be much thicker, and able to ſupport 4 


eater weight; ſince the Hollanders, who were forced to winter in No 


Zembla, found the air there ſo condens'd, that they could not make their 
clock go, by a very great addition to the weights that uſed to move it. 
34. We took a dry bladder, ſtrongly ty'd at the neck, and about half 
filled with air, and faſtening it to one part of a very exact balance, we 
pe a metalline-counterpoiſe into the oppoſite ſcale ; and ſo the two weights 


445 
fluxility of the bodies here below; and, perhaps, principally of the ſpring? Re 


ing brought to an equilibrium, the balance was convey'd- into the recei- Bodies 'of diffe- 
ver, and ſuſpended from the cover of it : when we obſerv'd, that preſently 2 1 


after laying on the cover, the bladder appear d to preponderate ; where- eri in 
upon the ſcales being taken out, and reduced very near to an equilibrium, 


yet ſo, that a little advantage remain'd on that ſide to which the metalline 
weight belong'd; ny ns again let down into the receiver, which- was 
reſently cloſed. n after this, before the pump. was. work'd, the 
ladder ſeem'd again a little to preponderate; and the air in the gtaſs 
beginning to be drawn out, the bladder expanded itſelf, and greatly rai- 
ſed the oppoſite weight, by drawing down the ſcale to which it was faſten'd, 


eſpecially when the air had ſwell'd it to its full extent. This done, we, 


very leiſurely let in the external air, and obſerv'd that, upon the flaggi 
of the bladder, the ſcale whereto it "was faſten'd, not only, by Fog 


return'd to-an 
weigh'd by it; tho the bladder, after a while, began again to preponde- 


rate, and, by degrees, to ſink lower for ſeveral hours: wherefore, leaving 


the veſſel cloſed up all night, we, next morning, found the bladder fallen 


uilibrium with the other; but, at length, was a little out- 


*All the parts of ſpace,” ſays Sir [/aac 
Neewton, are not equally full; for if they 
« were, the 28 gravity of the fluid, 
« which would fill the region of the air, 


« could not, by reaſon of the exceeding 


« great denſity of its matter, give way to 
© the ſpecific gravity of quick- ſilver, gold, 
« or any body how denſe ſcever ; whence 
neither gold, nor any other body, could 
« deſcend.in the air. For no bodies can 


« deſcend. in a fluid, unleſs they- be | 


44 ſpecifically heavier than it. But, if a 


0 _ of matter may, by rarifa- 
„ Qion, be diminiſh'd in a given ſpace, 
** why. may it not diminiſh in infinitum ? 
« Tf all the ſolid particles of bodies, 
* are of the ſame denfity, that is, have 
their vires-inertic as their magni 

and cannot be rarified, without leaving 


« pores, there muſt be a vacuum”, Nuten. 


Princip. p. 368. 


yet 


— * 2 * 
”. - g . 
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r yerlower: as if the very ſubſtance of it, had imbibed ſome of the moiſture 
YN Nherewith the air then abounded ; as the ſtrings of muſical inſtruments, 


The aſcent of 


are known to ſwell ſo much in rainy weather, as to break. This conjec- 
ture is the more to be regarded, becauſe having a little warm'd the 
bladder, we found it lighter than the oppoſite weight. And, without re- 
moving the ſcales, or the cover of the receiver, we again caus'd the air 
to be drawn out ; the weather continuing very moiſt ; but found not any 


- manifeſt alteration in the balance. 


But to make the experiment with a body, leſs apt to be alter d by the 
temperature of the air, than a bladder, we brought the ſcales again to 
an equibbrium with two weights, the one lead, and the other cork. And, 
having exhauſted the receiver, obſerv'd, that both upon the exſuction, 
and aiter the return of the air, the cork manifeſtly preponderated : and 
much more, a while after the air had been let in again, than whilſt it was 
t out. Wherefore, for the cork, we er iece of charcoal, as 
$ likely to imbibe any moiſture from the air; but the event proved much 
the ſame; ſo that this experiment ſeems very liable to caſualties. 
35. The true cauſe of the aſcent of liquors, in ſiphons and .. 
preſſure of the 


— ug 1 maining unknown ; we were deſirous to try whether the 


tres, whence. 


* 


air might reaſonably be ed to have any conſiderable ſhare in it. 
But, becauſe we could not ſo far evacuate our receiver, but the remain- 
ing air would > the water to a greater height than is uſual in filtra- 
tions; inſtead of a lift of cotton, or the like filtre, we made uſe of a ſi- 


phon of glaſs, conſiſting of three pieces, two ftrait, and the third 


to join them together; whoſe junctures were carefully cloſed, that no air 
might find entrance at them : one of the legs of this fiphon was ſome- 
what longer than the other, and pervious at the bottom of it, only by a 
hole almoſt as ſlender as a hair, that the water might drop "ry. gry 
out of it. The ſhorter leg of the ſiphon was quite open at the end, and 
of the ſame diameter with the reſt of the pipe; that is, about a fourth of 
an inch. The whole ſiphon was d to be about a foot and a half 
long, that the remaining air, when veſſel was exhaufted, might not 
impel the water to the top of it: then the fiphon, being inverted, was 
fill'd with water,' and the ſhorter leg let down, two or three inches, 
into a glaſs-veſſel ; whilſt the upper part remain'd faſten d to the inſide of 
the cover of the receiver. Mx 8255 
And, till a conſiderable quantity of the air had been evacuated, the water 
dropp'd freely out at the lower end of the lower leg of the ſiphon as if 
experiment had been made in the free air: aſterwards, the 
bubbles began to appear in the water; and, aſcending to the top of the 
ſiphon, run into one, which was gradually augmented by the riſing of other 
bubbles, that, from time to time, broke into it, but much more by its 
own dilatation, which increaſed, p „ as the receiver was eva- 
cuated ſo that, at length, the water, in the 8. was reduced, by 
t 


the extraction of the ambient air, and the expanſion of the great bubble, 
at the upper part of the ſiphon, to the height only of a foot; W 
” | | | co 
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eourſe of the water, in the ſiphon, was interrupted, and that which re- Nunn, 
main'd in the any, leg of it, I ſuſpended _ without WYNg. 
ing any longer. But, upon turning ſtop-cock, external air 

— the ſiphon, by the little hole at which the water formerly droppd 

out: and, traverſing all the incumbent cylinder of water, in the form of 

bubbles, join d itſelf with that air which before poſſeſſed the top of the 


ſiphon. 
Po prevent the inconveniences ari from theſe bubbles, two glaſs- 
pipes, like the former, were ſo placed, as to terminate together in the midſt Fig. 3 
the belly of a glaſs-vial, into whoſe neck they were cemented ; and 
then both the vial, and the pipes, being filled with water, the ſiphon was 
placed with its ſhorter leg in the glaſs of water, as before; and the expe- 
riment being proſecuted after the ſame manner, much more air was now 
drawn out before the bubbles cauſed any diſturbance ; becauſe there was 
room enough in the vial for them to ſtretch, without depreſſing the water 
below the ends of the pipes ; and during this time, the water continued to 
drop out of the lower leg of the ſiphon. But, at length, the receiver being 
much emptied, the water ceaſed to run thro" the ſiphon ; the upper 
— of the pipes beginning to appear above the remaining water in the 
vial, the dilated air wherein, ſeem'd likewiſe to preſs down the water in 
the pipes, and fill the upper part of them. | 
ence, the experiment being interrupted, we let in the air again, 
which, according to its various proportions of preſſure, to that of the air 
in the vial, and the pipes, exhibited a pleaſing variety of phenomena. And 
upon the whole, there ſeem'd little cauſe to doubt, if the bubbles had 
not diſturb'd the experiment, that the courſe of water, thro* ſiphons, 
would have appear'd to depend upon the preſſure of the air. 

An eminent mathematician lately told me, ſome French gentlemen had Thi! — 
obſerv d, that, if one end of a ſlender open pipe of glaſs, be dipp'd in wa- ein 
ter, the liquor will aſcend to ſome height in the pipe, tho held perpendi- 
o_ to the 122 T4 the . and, jo after, e. me two F 34 
ſmall pi glaſs, which gave me the opportuni trying it: tho 
had Sk before, in the ns ſlender 5 of ſome weather-glaſſes, 
made after a peculiar manner, taken notice of the like aſcent of li- 

uors 3 but, preſuming it to be caſual, I made little reflection upon it. 

ut, after this trial, ſuppoſing that tho' the water, in theſe pipes, roſe not 
above a quarter of an _ ; yet, if the tubes were {lender enough, it might 
aſcend to a much greater height; I cauſed ſeveral of them to be dextrouſly 
drawn at the flame of a lamp, in one of which, that was almoſt incredibly 
lender, we found, the water aſcended five inches, tho” the pipe were 
held erect: but, if it were inclined, the water would fill a greater part 
thereof. We alſo found, that, when the inſide of the pipe was wetted 

/ before-hand, the water would rife much better than otherwiſe. And ſome 
of theſe ſlender Pipes, being bent, like fi we immers'd the ſhorter 

leg of one in a glaſs of fair water ; and d, that the water, xiſing to 
the top of the ſiphon, of itſelf, ran down the longer leg, and continued 
| x un- 
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„ unning, like an ordinary ſiphon. The cauſe of this aſcent of the water, 


appears very difficult to diſcover *. We try'd, indeed, by conveying a 
— 33 pipe, and a ſmall veſſel of water, into our engine, whether 
the exſuction of the ambient air would aſſiſt us herein; but, tho* we em- 
ploy'd red wine, inſtead of water, yet we could ſcarce certainly perceive, 
thorough: ſo much glaſs as was interpoſed betwixt our eyes and the li- 
quor, what happen d in a pipe ſo flender, that the redneſs of the wine 
was ſcarce viſible in it. But, as far as we could diſcern,” there happen d 


no great alteration to the liquor; which ſeem'd the leſs ſtrange, becauſe 


the ſpring of that air, which might depreſs the water in the pipe, was 
equally debilitated with that which remain d to preſs upon the ſurface of 
the water in the little glaſs. Wherefore, in favour of that conjecture, which 
aſcribes this phenomenon to the greater preſſure y the water by the air, 
without the pipe, than by ' that within, it was ſhewn, that, in caſe the 
little glaſs-veſlel of water were ſo cloſed, that the air might, by the mouth, 
be ſuck'd out of it, the water would immediately ſubſide in the ſmall 

ipe. Hence, we might infer, that it aſcended before, by the preſ- 
* of the incumbent air; only it may be objected, that this, perhaps, 
would not happen, were the upper end of the pipe in a vacuum; as alſo, 
that, tis very probable, the water may ſubſide, not becauſe the preſſure 
of the internal air is taken off by ſuction, but becauſe the ſpring of the 
external air impels the water in its way to the cavity, deſerted by the 
other air; and would as well impel the ſame water upwards, as make it 


ſubſide, were it not for the accidental poſture of the glaſſes. Twere here, 
_ likewiſe, proper to inquire, why the ſurface of water, in pipes, ſhould 


. 


— 


N b 
immediately above char whereto the up- ['ptoved-ip-the Pb! Tranſ. Ne 3 55. p. 739. 


be concave; and, on the contrary, that of quick-filver, convex ; and why, 
if the end of a lender pipe be dipp'd in the latter, the ſurface of that 


fluid will be lower within the pipe, than without. 


36. We cauſed a glaſs-bubble to be blown at the flame of a lamp, about 


1 of air 
the ſize of a ſmall hen-egg, and of an oval form; only, at one end, there 


- * This phenomenon, the ſuſpenſion of | per ſurface of the water is already conti- 


water in capi tubes, is, with great ſa- | guous. The confideration of this pheno- 
gacity, accounted for by Dr. — ; who | menon, and the experiments made with 


proves it | owing to the ion of the {| relation to it, both in water and quick- 


upper periphery, or ſection, of the con- | filver ; thoſe made with the latter, 
cave ſuperficies of the tube; that is, a | proving exactly the reverſe of the for- 
ſmall ſurface, or annulus, whoſe baſe is mer; led the Doctor to clear the whole 
that periphery, and height the diftance, | matter, by ſhewing, that the particles 
whereto the attractive power of. the glaſs | of water attract each other; that the 
extends. For the gravity of the water | particles of quick-filver attract each o- 
that enters the orifice of the tube, u tber; that water is attracted by glaſs ; 
its immerſion, being immediately taken | that quick-filver is attracted by glaſs ; 
off, by the attraction of the annulus, | that tie particles of water are more 
wherewith its upper ſurface is in contact, I ſtrongly attracted by glaſs, than by one 
the water mult neceſſarily riſe higher, by f another; and, laſtly, has the particles of 
reaſon of the preige of the ſtagnant flu- qui k-filver are more ſtrongly attracted b 

id, and the at on of the periphery | each other, than ſs, all theſe 
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was drawn out an-exceeding flender pipe, that the bubble might be feal'd 
„ with as little rarifaction, of the air included in the great cavity, as pol- 
le. This glaſs, being ſeald, was faſten d to one of the ſcales of an 
exact balance ; and, being coun is'd with a weight of lead, was con- 
vey d into the receiver, and cloſed up in it. The beam appearing to con- 
tinue horizontal, the pump was ſet on work; and, after two or three 
exſuctions, the balance inclined to that fide on which the bubble hung; 
_ os air Fiore drawn out, 5 my manifeftly : 
at length, the air being gradually let in again, the ſcales, by degrees, re- 
rurn'd to an equilibrium.” Then Yo — them out, and coking into 

ſcale, to which the lead belong'd, three fourths of a grain, we again placed 
them in the receiver; which, being cloſed and exhaufted as before, as the 


” a 5 k —_: 


8 


air was drawn out, ſo the glaſs-bubble came nearer to an equilibrium 


with the other weight, till the beam ſtood horizontal: which, by another 


trial, we could not bring it to do, when one fourth of a grain more was 


added to the ſcale whereto the lead belong'd. Tho, without doubt, if 
we could have perfectly evacuated the receiver, the air included in the 
bubble, would have weigh'd above a grain; tho it were ſomewhat rari- 
fy'd by the flame wherewith the bubble was ſeal'd. And, upon the re- 
turn of the excluded air, the lead, and the weight caſt into the ſame 
ſcale, did again very much preponderate. 
We, likewiſe, convey d into the receiver, the ſame bubble, open d at 


the end of the ſlender pipe aboye-mention'd ; bur, having drawn out the 


air as uſual, we found not, as before, the bubble to out- weigh the oppo- 
ſite lead: ſo that by the help of our engine, we can weigh the air, as we 
weigh other bodies, in its natural or ordinary conſiſtence, without condenſi 
it. Nay, having convey d a lamb's bladder, half full of air, into t 
receiver, we obſer wd, that tho upon working the pump the impriſon d air 
expanded, till it ſeem d ready to burſt the bladder; yet this rariſied air, 
manifeſtly depreſſed the ſcale whereto it was annexed. 
And, 1 on 


ce caus d the pump to be obſtinately ply'd, in repeating . 51 


the former experiment, the impriſon d air broke the containing g gh. rows e. 


ble, and threw-the greateſt part of it againſt the ſide of the receiver, 
whereby twas fhatter'd into a multitude of pieces. Hence we may diſ- 
cern, of how cloſe a texture glaſs is, fince ſo very thin a film of it, as this 
bubble was, prov'd fo impervious to the air, that it could not get aw 
thro the pores, but was forced to break the glaſs in pieces, to ieſe1f; 
and this, notwithſtanding the time, and advantage it had, to force theo the 
This I mention, that our experiments may receive no prejudice 
from one'T'happen'd to make long figce ; which might be dran to-goun- 
tenance their opinion, who would perſuade us that glaſs is pervious to air, 
erly To call'ds: for, in diſtilling a certain ſubſtance, greatly abounding 
with ſubtile ſpirits, and a volatile {alr, in a ſtrong earthen veſlel, of an un- 
uſual ſhape, ro which was luted a large receiver of green glaſs; the fire 
was, by accident, ſo exceſſively increas'd, that we , con the ſpirituous 
and faline corpuſcles, thrown ver ſo hot, and in ſuch plenty, into the re- 
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=vXATIC8. ceiver, as to render it all opake, and likely to fly in pieces. We ventur'd, 
however, to approach. it, and obſery'd, on the outſide thereof, at a great 
diſtance from the juncture, there was ſettled a round, whitiſh ſpot, or 


two, which, at firſt, we thought might be ſome ſtain upon the glaſs ; but 
after finding it, in ſeveral qualities, like the oil and ſalt of the concrete 
diſtill'd, we ſuſpected, that the moſt ſubtile, and fugitive parts of the 
impetuous ſteams, had penetrated the ſubſtance. of the glaſs, and, by the 
cold of the ambient air, were condenſed on the ſurface of it. And, indeed, 
upon examining the whole matter, a number of us unanimouſly conclu- 
ded, that the ſubtile parts of the diftilld matter, being violently agi- 
tated by the exceſſive heat, had paſs d through the pores of the glaſs 
made wide by the ſame heat, But this having never happen'd, more than 
once, in any of the diſtillations we have either made, or ſeen, it is much 
more reaſonable to ſuppoſe, that the perviouſneſs of our receiver, to a 
body much more ſubtile than air, proceeded from the looſer texture of 
that particular parcel of metal, the receiver was made of; for all glaſs 
is not equally compact, and ſolid; and from the prodigious heat, which, 
8 with the vehement agitation of the ſubtile ſpirits, open'd the pores 
of the glaſs ; than to imagine, that ſuch, a ſubſtance as air, ſhould be able 
to permeate the body of glaſs, contrary, to the teſtimony of a thouſand 
chymical and mechanical experiments; and, of many made in our en- 


Bur ö n A - a . i099 . 39 
And, the following experiment ſeems to teach, that tho air, when ſuf- 
fciently compreſs'd, may, perhaps, get entrance into ſmaller cavities, than 


that of water, Water; yet, unleſs. the air be fore d in, it will not paſs them, whilſt they 


part of the water will, run down at the wider orifice ; yet that ſeems 


may admit of water, I took a glaſs ſiphon, the lower end of whoſe: lon- 
veſt leg was drawn ſo ſlender, that the orifice, at, which the water was 
to fall out, would hardly admit a very ſmall pin. This fiphon being in- 
verted, we ſo order d it, that a little bubble of air was intercepted in the 
fNlendereft part, betwixt the little orifice, juſt mention d, and the incum- 


bent water; whence the air, being not to be forced thro' ſo. narrow a paſ- 
wy ris de y fo W of Water, as reſted upon it, hinder d the far- 
her efflux ot t 


the water, as long as we let it ſtay in that narrow place: 

but when, by blowing a little at the wider end of the ſiphon, that ſmall 
parcel of air was forc'd out, with ſome water ; the remaining water that 
before continued ſuſpended, began freely to drop down again, as before. 
And a glaſs pipe, either in the form of a ſiphon, or otherwiſe, half an 
inch in diameter, but at one end ſo ſlender, as to terminate in an orifice 
almoſt as ſmall as a horſe-hair, be filfd with water, it will drop down 
freely thorough the ſlender extremity. But if the pipe be inverted, the 
Air will not eaſily get in at the ſmall hole, thro which the water paſs d. 
For, in the ſharp end of the pipe, ſome inches of water will remain ſuſ- 
ded; which, probably, would not happen, if the air could get in to 

Tvcceed it; ſince, if the orifice were a little wider, the water would imme- 
diately ſubſide. And tho when the pipe is many inches long, a great 


to 


I < 


Phy ſfreo-mechanical Experiments. 


to happen for ſome other reaſon, than becauſe the air ſuceeeds it at the Purvacarics 


upper and narrow one; ſince all the ſlender part of the pipe, and, perhaps, 
ſome inches more, will continue full of water. 

And, tho' we have formerly ſhewn, that the aerial corpuſcles cannot 
paſs thro the pores of a lamb's bladder; yet, particles of water will; as 
may eaſily be try'd, by very cloſely tying a little alkaline ſalt in a fine blad- 
der, and dipping its lower end in water: for, if it be held there for a 
competent time, there will ſtrain thro” the pores of the bladder, water e- 
nough to diſſolve the ſalt into a liquor. | | | 

But, to return to our bubble; we endeayour'd to meaſure its capacity 
by filling it with water, to find how much water anſwer d, in weight, to off 
a grain of air; but all the diligence we uſed to preſerve ſo brittle a veſſel, 
could not prevent its breaking, before we had gain'd our point. 

But, there occurs a problem, upon occaſion of the flow break- 
ing of the glaſs bubble in our evacuated receiver. For, it might ſeem 
ſtrange, ſince the air, as we have ſeen, expands itſelf by its own internal 
ſpring, twice as much as Merſennus was able to rarify it by a red-hot æoli- 

ile; that yet, the ſpring of the air was ſcarce able to break a very thin yas 
bubble ; and utterly unable to break one ſomewhat thicker, within whoſe ca- 
vity it was inoridbg'd whereas, air pen'd up, and agitated, is able to per- 
form effects ſo much more conſiderable, that the learned jeſuit Cabeus tells 
us, he ſaw a vaſt ſtrong marble pillar quite broken off in the middle, by 
the heat proceeding from wood, which happen'd to be burut juſt by 
it; which fo rarified ſome air or {pirituous matter ſhut up in the cavities of 
the marble, that it burſt thro* the ſolid body of the ſtone by the force of 
expanſion. But, probably, the reaſon why the included air did not break 
the ſeal'd bubbles, in our exhauſted receiver, was, that being ſome- 
what rarified by the flame employ d to ſeal the glaſs, its ſpring upon the re- 
ceſs of the heat grew weaker than before. Yet, this will not, alone, ſerve 
the turn, becauſe, much ſmaller glaſs bubbles, exactly clos d, will by the 
included air be made to fly in pieces. | 85 \ 


We took an æolipile of copper, weighing ſix ounces, five drams, and for- T1. puporis: of 
ty- eight grains; and being made hot, we remoy'd it from the fire, and de be + 


immediately ſtop'd it with hard wax, that no air might get in at its orifice 
Then the zolipile, being ſuffer'd leiſurely to cool, twas again weigh'd, to- 
gether with the wax, and found to be fix ounces, ſix drams, and thirty- 


air to ft 
water. 


nine grains. Laſtly, the wax being perf 


orated, without taking any of it 


out of the ſcale, the external air was ſuffer'd ro ruſh in; and then the æo- 


* M. Homberg is of opinion, that water 
enters ſuch narrow pores of animal ſub- 
ſtances, as will not admit the air, onl 
becauſe it moiſtens and diſſolves the gluti- 
nous matter of the fine fibres of the mem- 


branes, and alſo renders them more plia- 
ble and diſtractile; which are things, 


Mmm 2 


that the air, for want of a wetting pro- 
perty, cannot do. As a proof of this 
doctrine, he fil'd a bladder with air, and 
compreſs'd it with a ſtone, and found no 
air to come out; but, placing the blad- 
der, thus compreſs'd, in water, that air ea- 
ſily eſeaped. Ef. del” Acad. A. 1700, p. 37+. 


lipite 
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Pzzoxarits-pile, and wax, being again weigh'd, amounted to fix ounces, fix drams, 
WYN nd fifty grains, So that the zolipile, freed as far as our fire could free 
it, from its air, weigh'd leſs than when repleniſh'd with air, full eleven 
grains; that is, the air containable within the cavity of the æolipile, a- 
mounted to eleven grains, and ſomewhat more. And, by the way, if there 
be no miſtake in the obſervation of Merſennus, it may ſeem ſtrange that 

it ſhould fo much differ from two or three of ours; in none of which we 
could rarify the air in 'an_zolipile, though made red-hot, almoit all 
over, and immediately plung'd into cold water, to half that degree which 
he mentions, viz. ſeventy times its natural extent; unleſs the zolipile, he 
employ d, was able to ſuſtain a more vehement heat than ours“. 

s way of weighing the air, by the help of an æolipile, ſeems ſome- 
what more exact, than that which Merſenn uſed, becauſe we weigh'd 
not the zolipile till it was cold; whereas he weigh'd it red-hot, whereby 
it is ſubject to loſe of its weight in cooling: for, copper heated red-hot, 
throws off, in the cooling, little thin ſcales in ſuch plenty, that, having pur- 
poſely watch'd a copper zolipile, during its ation, we have ſeen 
the place round about it, almoſt cover d with them every way. Perhaps, 

tco, the æolipile, in cooling, may not receive ſome little increaſe of weight, 

either from the vapid, or ſaline ſteams that float in the air. We employ'd, 
to weigh our zolipile, both when fill'd with air, and when repleniſn d with 
water, a pair of ſcales that would turn with the fourth part of a grain. 
As to the proportion of ag, 14 betwixt air and water, ſome learned men 
have attempted to ſettle it, by ways ſo inaccurate, that they ſeem to have 
been much miſtaken. Ricciolus having purpoſely endeavour'd to diſcover this 
proportion, by means of a thin bladder, eſtimates the weight of the air, to 
that of the water, as about 1 to 10,000 ; and, indeed, having once weigh'd a 
large bladder, full of air, and found it to contain 14 grains; the ſame blad- 
der, afterwards filld with water, contain d near 14 pounds; whence the 

rtion of air to water, ſeem'd, almoſt, as a grain to a pound, that is, as 
I to above 7600. On the other hand, Galileo makes the air to water, as 
1 to 400. But our way of weighing the air by an zolipile, ſeems, by much, 
the more exact. And, according to our obſervations, - 4 water it contain'd, 
amounting to 21 ounces and a half; and as much air as was requiſite to fill 
it, weighing eleven grains ; the proportion in gravity of air, to water of the 
ſame bulk, will be as x to 938. And tho' we could not fill the æolipile with 
water, very exactly; yet, as we neither could perſectly drive the air out of it 


tartar, reduced to fine powder, and made 

hot, to the neck of the former; ſo that 
| the external air muſt paſs lowly thro? this 
| falt, before it could poſſibly get into the 
| exhauſted veſſel; whereby the air that en- 
tred, was ſtrained, and 1 from 
any moiſture that might have been lodged 
therein. The veſſel being thus fill'd with 


* Tt may be pretended, that tis not the air, 
but ſome vapour, or exhalation, contain d 
in it, that here * upon the balance. 
To obviate this objection, M. Muſchenbroeck 
contrived the following experiment. "Tis 
a knovyn thing in chymiſtry, that dry alka- 
line ſalts attract, and abſorb the moiſture 
of the air, and thereby run, per deliquinm, 


as tis called. That philoſopher, there- 
fore, having exhauſted a proper veſſel of 
its air, fitted another veſſel, wherein was 


pure air, and put into the ſcale, was found 
to weigh as much as when fill'd with un- 


lodg'd a large quantity of very dry ſalt of 


purged air. De Mater, ſubtil.p. 7. : 
y 
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heat, we think the proportion may hold good: however, in a round ſum 
— ſay, water is near 1000 —4 heavier than air. And accordingſy,, 
having, ar another time, put ſome water in the zolipile, before we ſet it on 
the fire, that the vapours of the rariſied liquor might the better drive 
out the air, we found, upon trial carefully made, that when the æolipile 
was — — and the included vapours, by the cold, turn d again into 
water; the air being let in, increas d the weight of the æolipile, eleven 
grains, as before; tho* there were already in it, twelve drams, and 32 
ins of water, which remain'd of that we had pur into it, to drive out 
4 air. Merſenmus, indeed, tells us, that, by his account, air is in weight 
to water, as 1 to 1356; and adds, that we may, without any danger, 
fuppoſe, the gravity of water to that of air of a like bulk, as 1300 to 1 ; 
and, conſequently, that a quantity of air, to a quantity of water, equi- 
erant thereto, is as 1300 to 1. But why we Would relinquiſh our o 
carefully repeated trials, I ſee not; yet I amunwilling to reject thoſe. of ſo 
accurate and uſeful a writer; and therefore ſuſpect, that the difference in 
our obſervations, proceeds from the different conſiſtence of the air at Lon- 
don, and at Paris: for, our air being more cold and moiſt than theirs, may 
be ſuppoſed, alſo, to be a fourth, or a fifth part heavier. Perhaps it may be 
of moment, too, that our obſervations were made in the midft of winter, 
whilft his might be made in ſome warmer part of the year. | 


It might * that we ſhould, from theſe and other obſer- The deighs 


vations, decid controverſy about the height of the atmoſphere ;: 
but, tho it ſeems eaſy to ſhew that many famous writers have been 
miſtaken in aſſigning this height; yet, tis very difficult, preciſely to define 
its extent. 
Now, we rave, already made it appear, that at leaſt about London, the 
rtion of ſpecific gravity betwixt water and air, is, as 1000 to 1. 
And, to determine the difference in weight betwixt water and quick- 
filver ; we took a glaſs-pipe, in the form of an inverted ſiphon, and pouring 
into it a quantity of quick-ſilver, we held it ſo, that the ſuperficies of the 


liquor, both in the longer and ſhorter leg, lay in the horizontal line E E; then Nr · 48 


pouring water into the longer leg of the ſiphon, till that was almoſt fill d, we 
obſerv'd the ſurface of the quick-filver in that leg to be, by the weight of the 
water, — from E, to B, and in the ſhorter leg, to be as much impell'd 
upwards from F, to C. And having, before-hand, made marks, as well 
at the point B, as at the oppoſite point D, we meaſur d both the diftance 
DC, to have the height of the cyllnder of quick-ſilver, which was rais'd 
above the point D, by the weight of the water, and the diſtance BA, 
which gave us the height of the cylinder of water. So that the diſtance 
DC, being 24+ inches, and the height of the 5 3045 inches, the pro- 


portion appear'd to be as 121 to 1665, or as 1 t. 7 _9 8 
1 3727 


We alſo meaſured the proportion betwixt quick- ſilver and water by the 
help of a balance, which would turn with the hundredth part of a grain. 
But, becauſe an over-ſighr is uſually committed in weighin oy oy 
and water; efpecially, if the orifice of the containing veſſel be wide; _ 
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| — 55 the ſurface of water in veſſels, will be.concave, but that of quick-filver 
| SYV 5; 7 9 5 convex ; to avoid this inconvenjence, we made uſe of, a 
5 ats-bubble, blown. very thin, that it might not be too heavy for the 

alance, and terminating in a very ſlender neck, wherein the concavity 

or convexity of a liquor could not be conſiderable. This glaſs weigh- 

ing 23 5 grains, we almoſt fill d it with quick-ſilver, and faſtuing a mark 

over againſt the middle of the .protuberant ſuperficies, we ſound that 

> i Quick-{Uver., alone, weighd 2997 rains; + then. the quick-ilver 

ing pour d out, and the ſame, fll'd to the ſame height with 

common water, we found it to weigh 21+ grains: whereby, it appear d, 

that the weight of water to quick-ſilver, is, as 1 to 1342 ; tho the illuſtri- 

ous Feruam, merely for want of exact inſtruments, makes the proportion 

dere, them greater than of x 0.17, And, by, the way, fines quick Ml 

er and well rectified ſpirit. of wine are accounted, one the heavieſt, and, 

th other the eden Ryjds % with the ſame glaſs, and ſcales, we found, 

ie difference berwixt them, to be, as 1 and 16 +£4+ ; whence, the diſſe- 

rence  berwixt. highly reftified ſpirit of wine, and common water, is, as 

betwixt x and 175+. But to avoid fractions, let us ſuppoſe quick-ſilver is 
fourteen times as 10 as water. We have then given us, the proportion 

of. air to water, and of water Map ; from, hence, it is caſy to 

find the proportion betwixt air and quick-ſilver ; if we ſuppoſe the atmo- 
ſphere to be uniformly of ſuch a conſiſtence as here below. For, ſince 
do0ur engine hath ray manifeſted, that tis the equilibrium with the 
_ External air, that, in the Torricellian experiment, ſuſtains the quick-ſilver; 
and, ſince by our accurate experiment, formerly mention d, a cylinder of 
mercury, able to balance a cylinder of the whole atmoſphere, amounted to 

about, thirty inches; and, ſince, conſequently, we may aſſume the proportion 

of quick-ſilver to air, to be as 14900 to 1; it will follow, that a cylinder. 

of air, able to maintain an equilibrium with a mercurial cylinder of two 

feet and a half in height, muſt. amount to 35000 Engliſh feet, and conſequent- 

ly to ſeren miles. on 911 

ns we cannot ſafely conclude, that the air is every, where of the ſame 
conſiſtence we found it, near the ſurface of the earth; not only . becauſe, 


as Seca ſays, * the air is more groſs, the nearer it comes to the earth, as 
the feces; fall tothe bottom in water”; but becauſe the ſpringy texture of 
the aerial corpuſcles makes them capable of a very great compreſſure, 
which tlie weight of the incumbent part of the atmoſphere: exerts upon 

; undermoſt, near the ſurface of the earth. And as we have ſeen, that 

- air, much rarify'd without heat, may eaſily admit a farther rarifaction with 
it; and that, even without being expanded thereby, it is capable of being 
| rarity d to above a hundred and fifty times the extent it u ually poſſeſſeth 
| d py here below ; perhaps the moſphere may riſe to the height of ſome hun- 
NSN EV ared miles: nay, exhalations may aſcend much higher, if there was no 
miſtake in that ſtrange obſervation made at Tolouſe, in a clear night in Au- 

i by the diligent Emanuel Magnan ; who, as Ricciolus tells us, ſaw, 
** from eleven a- dock at night, till twelve, while the moon * [TN the 
. orizon, 


, 
- 
5 6.44% 
” 
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© horizon, a little lucid cloud, near the meridian, and almoſt in the ze- Nun 
„ nith, which cpuld be illumin'd by noun but the ſun; and, therefore, 8 
* muſt have been higher than the whole ſhadow of the earth. And,” ſays 
Ricciolus, the like phenomenon was obſery'd by the great mathematician 
& Riccinus.” ek | 59 * 1 

Various obſervations, made at the feet, tops, and interjacent parts of 
high mountains, might, perhaps, aſſiſt us to make an eſtimate, in what 
roportion the higher air is thicker than the lower; and to gueſs at the 
different conſiſtence, as to laxity and compactneſs, of the air, at ſeveral 
diſtances from us. And, if the difficulties about the refractions of the 
celeſtial luminaries were ſatisfactorily determined; that might, alſo, con- 
duce to aſſign proper limits to the atmoſphere. But, at preſent, we dare 
not pronounce any thing, peremptorily, concerning the height of it. 
37. We haye often obſerv'd, that, when the ſucker of our pump was drawn 044 
doven, immediately upon turning the key, there appear d a kind of light of 1 — 
in the receiver, almoſt like a faint flaſh of lightning, in the day-time; and the air hung. 
almoſt as ſuddenly did it appear, and vaniſh. When we firſt took notice 
of this phenomenon, the day was clear, the hour about ten in the morning, 
and the only window in the room faced. the north; and we ſound that, by 
interpoling any opake body between the receiver, and the window, tho 
the reſt of the room were fufficiently enlighten'd, yet the flaſhes did not 
appear as before. As ſoon as night was come, we made the room very 
dark, and plying the pump, as in the 2 could not find, upon 
turning the — the leaſt glimmering of light. Whence we inferr d, that 
the flaſh, appearing in the receiver, did not proceed from any news light, 
generated there ; but from ſome reflections of the light of bin 'OF 
other luminous bodies, placed without: tho', whence the reflection ſhould 
happen, was hard to ſay. = — * i 
|; Wherefore, the next morning we went about to repeat the experiment; 
but tho* we could, as well as formerly, exhauſt the receiver; tho' the 
place wherein we made the trial, was the very ſame; and tho", other eix- 
cumſtances correſponded, ;,yet we. could not diſcover the leaſt appearance 
of light all that day, no more than on ſeveral others: nor can we, to this 
very time, be ſure, a day before- hand, that theſe flaſhes will appear in 
our great receiver. Nay, having once found the engine diſpoſed to exhibit 
this phenomenon, we ſent notice of it to Dr. Wallis, who was then very 
near at hand, and made haſte to ſatisfy. his curioſity; yet, by that time he 
arrived, the appearance was ceaſed : and having long, in vain, endea- 
vour'd to exhibit. it again, we were, after all, unexpectedly preſented with 
a few, flaſhes. , | ; res N; fe, 10 
And this contingency, whereto our experiment is liable, being ſuch, 
that, in all conſtitutions of the weather, times of the day, Cc. it will 
ſometimes anſwer, and ſometimes diſappoint our expectations; we are 
much diſcouraged from. framing an hypotheſis to ſolve it ; tho it might be 
attempted from conſidering the following phenomena. (I.) The appear 
ance may as well be exhibited by candle-light, as by day-light, _ in 
) ö What 
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toe whatever po the candle be held to the receiver, provided the rays of 
tight be not — a Hom falling upon the veſſel. (2.) The flaſh appears 
immed upon turning the key, to let the air out of che receiver into 
che empty cylinder; ſo that, I remember not, chat the flaſh appear d, when 
at any time, in our great receiver, the nan was open'd, before the 
epliader was exhauſted. (30 When, inftead of the great receiver, we made 
wo a ſmall glaſd, not containing above a pound and a half of water; 
the Phetomenon migtit be exhibited, the) the ſto remain'd open, 
ell the ſuoker was drawn nimbly down. (40 When we aſus, ro 
empty the veſlel, the appearances of light were much more conf; 
than towards the latter end, when little air, at a time, could pa 
che receiver. (5. When the Tucker had lately been well oil d. —— wo 
ſtead. of n receiver, the ſmaller veſſel, above- mention d, ' Was 
emptied; upen opening the Rop-cock, as the air deſcended out of the 
= = the 3 cylinder, there aſcended out of the cylinder into the 
eam, which ſeem' d to conſiſt of little bubbles, or 
— mints corpuiſcles, thrown up from the oil, rar#y'd by the artririon 
it fiffer'd in the cylinder. For, ut the ſame time . theſe ſteams 
3 vials, ſome of the fame kind manifefly iffuetl our, like a 
Pillar 6f ſmoke, at the ' orifice of the valve, when that was occa- 
fionally open d. And theſe ſteams, frequently / preſenting themſelves to 
our view, we found, by expoſing the gal to a clear ſiglt, that they 
play d up and down in it; and, by their whitiſhneſs, in ſome meuſure re- 
ſembled the appearance of light. (6.) For, when the —— was great, 
che receiver, at the very inſtant, loft of its 'tranſparency 228 
Full of ſome kind of whitiſh fubſtance; and, for a e time 
fides'of the-plaſs continu d opake, and ſeem'd to be darken d, as if tome 
whitiſh ſteam adhered to the inſide of it. 

Bur he who would fairly account for the phonon, whereof theſe 
are not all the circumſtances, muſt'ſhew from whence the apparent white- 
nes proceeds; and why that whiteneſs ſometimes appears, and 
times not. Now, had our phenomenon been conſtant, and uniform, we 
ſhould ſuſpect it co have been produced after the —— * manner; for 
tho what we faw in our receiver, ſeem'd to be a kind of light, yet 
it wal, indeed, but a whiteneſs, which render d the inſide of the glaſs 

e | 

* eominen;alr «bounds with partides, able to-refle@ithe rays of 
ght, as appears from that vulgar obſervation, the motes in the air, when the 
Tun-beams ſhooting into any ſhady place, diſcover them, the , otherwiſe, the 
2 e cannot diſtinguiſh them from the air. And, I particularly remember, 

t being at — 2 diſtance from London, at a time When numerous bon⸗ 
ſires ha era to be made there; tho' we could not fee the fires themſelves, 
yet we u plainly perceive'the air all enlightned near the city: whieh 
wt that the rays, ſhot upwards from the fires, met, in che airy with 

v opakvenongh to reflect them. to our eyes. 
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pens to be interrupted by a great number of ſurfaces, which, like ſo many 
little looking-glaſſes, confuſedly repreſent a multitude of ſmall and ſeem- 
ingly contiguous images of the lucid body. For, water, or the whites of 
eggs, beaten to a froth, loſe their tranſparency, and appear white. And, 
having, out of one of our ſmall receivers, carefully drawn out the air, 
and left a very little hole, by which the water was to get in; we 
obſervd that the neck, being held under water, and the little hole open'd, 
the water that ruſh'd in, was ſo broken, and acquired ſuch a multitude 
of new ſurfaces, that the receiver ſeem'd to be full rather of milk, than 
water. And farther, by heating a lump of cryſtal, and quenching it in 
fair water, it will be diſcontinued by ſuch a multitude of cracks, ' which 
create new ſurfaces within it, that tho' it will not fall aſunder, yet it 
loſes its tranſparency, and appears white. | of 

Hence we might imagine, that upon the ruſhing of the air out of the re- 
ceiver, into the empty'd cylinder, the air in the receiver, being ſuddenly; 
and vehemently expanded the texture of it was as ſuddenly alter'd; and 
the parts made ſo to ſhift places, and, perhaps, ſome of them, to change 
poſtures, as during their new and vehement motion, and their varied ſitu- 
ation, to diſturb the uſual continuity, and, thereby, the tranſparency of the 
hs ; which ceaſing to be a tranſparent body, muſt eaſily degenerate into 
white. t 

Several things there are which make this conjecture ſeem the more 
probable; as, firſt, the whiteneſs always appear'd greater, whilſt there 
was much air in the receiver, than when the air was in great part drawn 
out. Secondly, having exhauſted the receiver, and applied to the hole 


in the ſtop- cock, a large bubble of clear glaſs; ſo that we could, at plea- 


ſure, let the air paſs out, at the ſmall glaſs, into the great one, and eaſily 
fill the ſmall one with air again; we obſery'd, that upon opening the 
communication betwixt the two glaſſes, the air, in the ſmaller, finding ſo 
much room in the greater, to receive it, flew out with ſuch force, that 
the ſmall vial ſeem'd to be full of milk: and this experiment we repeated 
ſeveral times. And, thirdly, having provided a ſmall receiver, with its 
upper orifice ſo narrow, that I could ſtop with my thumb, I obſery'd, 
that when, upon the exſuction of the air, the capacity of the glaſs appear'd 
white; if, by a ſudden removal of my thumb, I let in the outward air, 
that whiteneſs would immediately vaniſh. It may, indeed, be objected, 
that when water turns from tranſparent to white, the air intervenes, 
which converts it into bubbles. To this I reply, there are two very vo- 
latile liquors, which being gently put together, are as clear as rock-water, 
and yet will inſtantly, without the help of air to turn them into bub- 


bles, ſo alter the diſpoſition of their inſenſible parts, as to become a white 


conſiſtent body. And this happens not as in the precipitation of benja- 
min, and ſome other reſinous ſubſtances ; which being diſſolv d in ſpirit of 
wine, may, by the affuſion of fair water, be turn'd into a milky ſubſtance: 
for this whiteneſs belongs not to the whole liquor, but to the corpuſ- 

Vor. II. Nnn cles 
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White may be produc'd; when the — of a tranſparent body hap- r 
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— cles of the diſſolved gum, which, after a while ſubſiding, | leave. the liquor 


tranſparent, themſelves only remaining white. But, in our caſe, tis 

the varied texture of the whole tranſparent fluid; and not from any particu- 
lar part, that this whiteneſs reſults : for the body is white throughout, and 
will long continue ſo ; and yet may, in proceſs of time, without any addi- 
tion, be totally reduced into a tranſparent body, as before. 

Another conjecture, we grounded upon this obſervation : having con- 
vey d ſome ſmoke into our receiver, placed againſt a window, we obſerv'd, 
that, upon the exſuction of the air, the corpuſcles floating in it, manifeſtly 
enough made the receiver ſeem more opake, at the very inſtant the air 
ruſhed: out. For, conſidering that the whiteneſs, whoſe cauſe we enquire 
after, did but ſometimes appear, it ſeem'd not impoſſible, that, at ſuch 
times, the air in the receiver, might abound with particles capable of re- 
flecting the light, in the manner requiſite to exhibit a white colour, by being 

t into a certain unuſual motion ; as the new motion of their former 

| wary made the inſide of the receiver appear darker than before ; and as 
our ſmoking liquor, formerly mention d, whoſe parts, tho' they ſeem'd 
tranſparent, whilſt they compos'd a fluid; yet when the ſame corpuſcles, 
upon unſtopping the glaſs, were put into a new motion, and diſpos'd af- 
ter a new manner, they render d that part of the air opake, wherein they 
mov d, and exhibited a greater whiteneſs than ſometimes appears in our 
receiver. | 
But as to the reaſon why our phenomenon appears not conſtantly, I re- 
member not that we ever Arn the . in a ſmall veſſel, — — 
Ending the expected whiteneſs. But it remains to be explain d, why in 
our great receiver, the phenomenon ſhould ſometimes be ſeen, and often 
not. All I have to ſay on this head is, that the air about us, and much 
more that within the receiver, may be much alter d by ſuch caſes, as few 
are aware of. The learned Joſephus Acaſta tells us, that © in America there 
are winds which naturally trouble the water of the ſea, making it green 
< and black, and others as clear as cryſtal.” And, tho” we convey'd 
into the receiver, the ſcales and the pendulums, formerly mention'd, clear 
and bright; yet, after the veſſel had been emptied, and the air let in 
again, the luſtre of both appear'd. tarniſh'd by a beginning ruſt. And, 
laſtly, having, with pure ſpirit of wine, drawn a tranſparent tincture out 
of a certain conerete, commonly reckon d among minerals, we put it into a 
cryſtal-vial, carefully ſtop'd it, and lock d it up in a preſs ; and this liquor, 
being a chymical rarity, and of a pleaſing golden colour, we had often oc- 
caſion to view it; and took notice that once it feem'd to be very thick: 
whereupon, we imagin'd it poſſible, that ſome of the mineral corpuſcles 


were then precipitating- But finding, after ſome days, that tho” no precipita- 


tion had been made, and that the liquor, retaining its former vivid colour, was 
wn clear again, as before; we lock d it up again in the ſame preſs, 
and reſolv d to obſerve whether the like changes would again appear in 
our tincture; and, in caſe they ſnould, whether they might be aſcribed to 
the alterations of the weather. But tho“ during the greateſt part of a 
| winter, 
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winter, and a ſpring, we obſerv'd the liquor would often grow turbid; Ff rie, 
and, after a while, 2 again; yet . not find, us fe depended Sf V 
upon any manifeſt changes in the air; which would be often dark and 
cloudy, when the tincture was clear and tranſparent ; as, in clear wea- 
ther, the liquor would, ſometimes, appear troubled, and more opake. 

38. Into a glaſs vial, open at the top, we put a mixture of ſhow, and com- Water made to 
mon ſalt ; and, in the midſt of this mixture, ſet a cylindrical glaſs, cloſely a 
ſtopp'd at the lower-end, and open at the upper, where we filld it wit 
common water ; then let them all down into the receiver ; and the pump 
being ſet on work, the ſhow began to melt faſter than we — — 
However, by that time the receiver had been conſiderably exhauſted, 
which it was in leſs than a quarter of an hour, we perceivd the water, 
near the bottom of the glaſs cylinder, to freeze ; and the ice, by a little 

longer ſtay, ſeem'd to Ficreaſs, and to riſe ſomewhat higher than the 
ſurrounding ſurface of the liquor whereinto, almoſt all the ſnow and alt 
were diſſolved. The glaſs being taken out, it appear'd that the ice was 
as thick as the inſide of the veſſel it fill d; tho”, into that, I could put my 
thumb. The upper ſurface of the ice was very concave, and, held a- 
gainſt the light, appear'd not deſtitute of bubbles; tho' they were fewer 
than if the Caves ted been frozen in the open air. The like experiment 
we made, alſo, in one of our ſmall receivers, with like ſucceſs. 

But, whence proceeds that ſtrange force, we may ſometimes obferve in 
frozen water, te break the bodies that impriſon it, tho hard and folid? A 
ſtone- cutter, lately complain d to me, that, ſometimes, thro' the negligence 
of his ſervants, the rain being ſuffer d to ſoak into marble, the violent froſts 
coming on, would burſt the ftones. And, another tradefman complain'd, 
that,even implements made of bell-metal, being careleſsly expos'd to the 
wet, have been broken and ſpoil'd by the water, which, having enter d at 
the little cavities of the metal, was there, afterwards, froze, and expanded 
into ice. And Cabeus tells us, that he ſaw a huge veſlel of exceeding hard 
marble ſplit aſunder, by congeal'd water. I know it will be ſaid, to ſolve 
this problem, that congelation doth not reduce water into leſs ſpace, than 
it before poſſeſs d, but, rather makes it take up more. But, tho we 
grant, that water ſwells in freezing'; yet how cold, which, in weather- 
glaſſes, manifeſtly condenſethair, ſhould expand either the water or the in- 
tercepted air, ſo forcibly as to perform what we have here related, re- 
mains to be diſcover'd. | 

39. We took an oyal glaſs, clear, and pretty ſtrong, with a ſhort neck 4 wate-theray- 
at the obtuſer end, thro” which we thruſt, almoſt to the bottom a pipe 1 
glaſs, and cloſely cemented it to the neck: the upper part of "3 _ 
was drawn, in ſome parts, more ſlender than a crow's quill, that the chatt= 
ges of the air in the glaſs-egg, might be the more confpicuous 
then we convey'd into the glaſs, five or ſix ſpoonfuls of water, part of 
which, by blowang air into the egg, was rais'd. into the ſlender of the 
pipe; ſo that the water was interpos'd between the external air, and 
that included in the egg. This 6 was ſo placed, and clos d np. 4. 
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r inthe ei, of a ſmall receiver, that "My che ſlender part of the pipe, 
off 
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Inſe#s in vacuo. 40. 
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to the height 


— 
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four or five. inches, paſſing thro a hole in the cover, re- 
main d expos d to the open air. e W 
In evacuating the receiver, the water, in the pipe, deſcended about / a 
uarter of an inch; and this upon two or three repeated trials; which 


..ſeemd to argue, that there was no heat produced in the receiver, upon the 
enxſuction of the air: for even a little heat would, probably, have been diſ- 


cover d by that weather-glaſs ; ſince, by the bare application of my hand to 
the outſide: of the receiver, the warmth, after ſome time, having been pro- 
pagated thro both the glaſſes, and the interval betwixt them, to the im- 
riſon'd- air, ſo rarify d it, that, by preſſing upon the ſubjacent water, 
it.impell'd that in the pipe much higher than it had fallen downwards, upon 
the exſuction of the air. 
Yet we do not hence conclude, that in the cavity of the receiver the cold. 
was greater after the extraction of the air, than before. % 274 
If it be demanded, what then could cauſe the water to ſubſide ; we an- 
ſwer, that, probably, it was the ſtretching of the glaſs-egg, which, upon 
exſuction of the ambient air, was unable to reſiſt, as formerly, the pref- 
ſure. of. the included air, and of the atmoſphere, which, by the interven- 
tion of the water, preſs d upon its concave ſurface. This ſeems probable, 
as well from the experiment about breaking a glaſs, by the force of the 
atmoſphere, as becauſe, when by drawing the air out of the receiver, the 
water, in the pipe, was ſubſided, upon the re-admiſſion of the external air, to 
preſs againſt the convex ſurface of the egg, the water was preſently re-impell'd 
to its former height : for, if a glaſs-egg be blown exceeding thin, and af- 
terwards broken, you may, by degrees, conſiderably bend ſome narrow 
parts of it ; and upon the remoyal of what kept it bent, it will readily reco- 
ver its former ſtate. From our experiment, then, it appears either that there 
ſucceeds no body in the room of the air drawn our of the receiver; or 
that every ſubſtance is not ſubtile enough, readily to paſs the pores of 
laſs, tho always ſufficiently agitated to produce heat, wherever it is found 
m plenty. So that if we admit no vacuum, this experiment requires us to 
allow a dw diſparity, either as to bulk, or agitation, or both, betwixt 
ſome parts of the ætherial ſubſtance, and thoſe which, here below, pro- 
duce heat and fire. wh pr * | 
We try d, alſo, what operation the extraction of the air would have 
upon camphire ; which conſiſts of ſuch volatile parts, that they will exhale 


„ 
3 


Without any greater agitation, than that of the open air. But we found 
ot, wok even this looſe body, was ſenſibly alter d thereby. 


Ye convey d a large fleſh-fly into a ſmall receiver; and, at another 
time, ſhut into a great receiver, a humming- bee, that appeard ſtron 
and lively ; we alſo procur d a Ente dürrer- ; and inclos'd it in a mall 


xeceiyer ; Where, though at firſt, he flutter d about, yet, preſently, 
upon the exſuction of the air, he fell down, as in a ſwoon ; retaining no 
other motion, than ſome little trembling'of the rim The fly, after ſome 
-. exfuBtions of the air, drops down from the ſide of the 


TS 
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was walking: but, that the expe 

ſtructive, we convey d in with her a bundle of flowers, which remain d 
ſuſpended by a ſtring, near the upper-part of the receiver; and having 
royvoked the bee, we excited her to fly up and down the veſſel, till, at 
En ſhe lighted upon the flowers, when we preſently began to draw 
out. the air, and obſerv'd, that tho?,” for ſome time, ſhe ſeem'd to take 
no notice of it, yet, within a while after, ſhe fell down from the flow- 
ers, without making any uſe of her wings. 


1 
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riment of the bee might be more in- PxBUMATICS.. 
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41. To ſatisfy ourſelves, in ſome meaſure, why reſpiration is ſo ne- Birds and mice 


ceſlary to the animals, that nature hath furniſh'd with lungs, we took a 
lark, one of whoſe wings had been broken by a ſhot ; bur, notwithſtanding 
this hurt, the bird was very lively; and put her into the receiver, where- 
in ſhe, ſeveral times, ſprung up to a conſiderable height. The veſſel being 
carefully cloſed, the pump was diligently ply d, and the bird, for a while, 
appear'd lively RS) but, upon a greater exſuction of the air, ſhe began 
manifeſtly to droop, and appear ſick ; and, very ſoon, after, was taken 


with as violent, and irregular convulſions, as are obſery'd- in poultry, 


when their heads are wrung off, and died; (tho' when theſe convulſions 
appear d, we let in the air,) with her breaſt upward, her head down- 
ward, and her neck awry ; and this within ten minutes, part of which 
time had been employ'd in cementing the cover to the receiver. Soon 
after we put a lively hen-ſparrow, which was not at all hurt, into 
the receiver; and proſecuting the experiment, as with the former, ſhe ap- 
pear'd to be dead within ſeven minutes; one of which was. employ d in 
cementing on the cover: but, upon ſuddenly turning the key, the freſn 
air, N in, began ſlowly to revive her; fo that, after ſome pantings, 
ſhe open d her eyes, and regain'd her feet, and, in about a quarter of an 
hour after, attempted. to eſcape at the top of the glaſs, which had been 
unſtop'd to let in the air upon her: but the receiver being cloſed the ſecond. 
time, ſhe died, violently convuls'd, within five minutes from the firſt ſtroke 
of the pump. | | | 

Then we put in a mouſe, newly caught, and, whilſt he was leaping up very 
high in the receiver, we faſten d the cover to it; expecting, that an ani 
mal, uſed to live with very little freſh air, would endure the want of it 
better than the birds; but tho', for a while after the pump was fer on 
work, he continu d leaping up, as before; yet twas not long e er he be- 

n to appear ſick, giddy, and to ſtagger; after which, he fell down as 
Fad, but without ſuch violent convulſions as the birds had: when, 


feet, but ſeem d to continue weak and ſick ; at „growing able to 
skip, as formerly, the pump was ply'd again, for eight minutes; a- 
bout the middle of which „a very little air, by miſchance, got in at 
the ſtop- cock; and, about two minutes after that, the mouſe, ſeveral 
times, leap'd up lively; tho, in two minutes more, he fell down quite 
dead ; yet with convulſions far milder than thoſe wherewith the birds ex- 


pired. This alacrity, ſo little before his death, and his not * 


_ letting in ſome freſh air upon him, he recover'd his ſenſes, and his 


in the 
receiver » 
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de: than at the end of the eighth minute, ſeem'd owing to the air that paſsd 
into the receiver”: for, the firſt time, the convulſions ſeiz'd him, in fix mi- 
nutes after the pump began to be work d. Theſe experiments ſeem'd 
the more ſtrange; becauſe, during a great part of thoſe few minutes, the 
engine could but conſiderably rarify the air, and that too by degrees; 
and, at the end thereof, there remain d in the receiver, a large quantity: 
for, as we formerly ſaid, we could not draw down water in a tube, with- 
in much leſs than a fcot of the bottom. And, by the exſuction of the air, 
and interſperſed vacuities, there was left in the receiver, a ſpace ſome 
hundreds of times exceeding the magnitude of the animal, to receive the 
fuliginous ſteams, from which, expiration 8 the lungs, and which, 
in the other caſes, may be ſuſpected, for want of room to ſtifle thoſe ani- 
mals that are cloſely pent up in too narrow receptacle. 
Having cauſed theſe three creatures to be open d, I could diſcover little 
of what-we ſought for, and might, poſſibly, have found in larger animals: 
for tho the lungs of the birds appear d very red, and, as it were, in- 
flamed; yet that colour is uſual in the kings of ſuch winged animals: but 
in almoſt all the deſtructive experiments, made in our engine, the animals 
appear d to die with violent convulſive motions. From whence, whether 
phyſicians can deduce any thing towards the diſcovery of the nature of 
convulſive diftempers, I leave to them to conſider. | * 
And, to obviate objections, and remove ſcruples, about the fuliginous 
ſteams of pent up animals, which are ſuppoſed to kill them; we ſhut up 
another mouſe, as cloſe as poſſible, in the receiver, where it liv'd about 
three quarters of an hour; and might, probably, have done fo, much 
longer, had not a perſon of quality defired to ſee whether the mouſe could 
be kilfd'by the exſuction of the ambient air. Upon this, we open d, for 
a while, an intercourſe betwixt the air in the receiver, and that without, 
whereby the mouſe might be refreſhed, tho without uncementing the cover 
at the top; to avoid the objection that, Ps. the veſſel was more 
cloſely ſtopp'd for the exſuction of the air than before. it Semin 
The event was, that, after the mouſe had liv'd ten minutes, the pump 
being a little out of order, he died with conyulfive motions ; wherein he 
made'two or three bounds into the air, before he fell down dead. © 
I, alſo, cauſed a mouſe, that was very hungry, to be ſhut up all night 
into a well-cloſed receiver, with a bed of paper for him to reſt on; and 
caus d the engine to be placed by the fire-ſide, to keep him from being de- 
firoy'd by the immodergte cold of a froſty night; and, the next morning, 
I found he had derour d a large part of the cheefe that had been put up 
with him. And, having thus kept him ative full twelve hours, we, by 
ſacking out part of the air, brought him to droop, and to appear ſwell'd ; 
but, by letting it in again, we ſoon reduced him to his former livelineſs. 
e It may be here expected, I ſhould atrempt to clear the nature of reſpi- 
2 ration; 1 I pretend to go no farther in it, than our engine leads me. 
Tis by thoſe who would have the a Ki paſſive than 
active, in reipiration, that as the lungs, being deſtitute of muſcles and 


fibres, 
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fibres, are unfit to dilate themſelves ; ſo, without the motion of the tho- Pn e 
rax, they would not be fill'd with air: ſince, as Dr. Highmore hath well ob- 
ferv'd, if a live dog have a great wound made in his cheſt, the lobes of 
the lungs, on that fide of the mediaſtinum, will collapſe, and lie ftill ; 
whilſt the thorax, and the lobes on the other fide of the mediaſtinum, con- 
tinue their former motion. And tf, at once, the muſcles of the cheſt be 
on both ſides diſſected; upon the ingreſs of the air, the whole langs, tho 
untouch'd, will remain without motion, at leaſt as to any expanſion, or 
contraction of their ſubſtance. = | 
And Bartholine affirms, that if the diaphragm be wounded, the lungs will 

fall „ and reſpiration ceaſe; which appears to be true, provided the 
wound be large. And, indeed, the diaphragm ſeems the principal inſtru- 
ment of ordinary reſpiration; tho” the intercoſtal muſcles, and, perha 
fome others, may be allow'd eminently to concur 'in extraordin caſes 
But it is not yet decided, what conveys air into the lungs ; for tis de- 
manded, what ſhould bring the air into the lungs, if they do not attract 
it? To this queſtion, ſome of the beft modern philoſophers anſwer, that, 
by the dilatation of the cheſt, the contiguous air is thruſt away; and that, 
preſſing upon the next air to it, and ſo onwards, the propulſion is conti- 
nu'd, till the air be drawn into the lungs, and fo dilates them. It is, 
again, objected by Bartholine, that, according to this doctrine, a man 
could not fetch his breath from a great veſſel, with a ſlender neck, full of 
air; becauſe, when his mouth covers the orifice of the neck, the dilata- 
tion of his thorax could not propel the air of the veſſel into his lungs ; bei 
ſeparated by the inclofing veſſel, from the ambient air: and yet, it will be 
ſaid, experience witneſſeth, that out of ſuch a veſſel a man may ſuck air. But 
this difficulty our engine can eaſily ſolve ; ſince many of the preeeding ex- 

eriments ſhew, that, in this caſe, there needs no propulſion of the air, 

y the ſwelling thorax, or abdomen, into the lungs: fince, upon the bare 
dilatation of hs thorax, the ſpring of that internal air, which poſſeſſes as 
much of the cavity of the cheſt, as the lungs fill not, being much weak 
en'd, the external and contiguous air, muſt neceſſarily ; reſs thro” the open 
wind-pipe into the lungs, as finding there the leaft reſiſtance... | 


And hence, by the way, we are aſſiſted to judge of that famous contro- 
verſy, among naturaliſts =o POTN, ever lince the time of Galen; 
fome maintaining, that the cheſt, with the contain'd lungs, reſembles a pair 
of bellows, which are, therefore, fill'd, becauſe dilated : and others plead- 
ing, that the compariſon ſhould be made with a bladder, which is, there- 
fore, dilated, becauſe ir is fill'd. For, as to the thorax, it ſeems evidently, 
like a pair of bellows, to be partly fill'd with air, becauſe it was dilated ; 
but as for the lungs, which want fibres to diſtend them, they may bly. 
be compared to a bladder; ſince they are dilated, by being fill'd with tha 
air which ruſneth into them, upon the dilatation of the cheſt, in the cavity 
whereof, it finds lefs reſiſtance to its ſpring, than elſewhere. And this 
calls to mind that ſtrange obſervation off Nicholaus Fontanus, a phyſician at 
Amſterdam, who declares, that, in a boy of the ſame city, four __ 


* ®, 
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even glaſs 
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LM there was found, inſtead of ax. AF certain membranous bladder, which, 


being fill'd with air, and furn with little veins, had its origin from 
. This being ſuppoſed true, I leave it to be conſider d, how 
well it will agree with moſt he opinions, as to reſpiratio. 
And thus may the grand objection of Bartholine, and others, be an- 
ſwer'd; but I leave anatomiſts to conſider what is to be ſaid to ſome obſer- 
vations, that ſeem to contradict thoſe anatomical 2 above- men- 
tion d: ſuch was, particularly, that in Sennertus, of a melancholy ſtudent, 
who, having ſtabb'd himſelf, and pierc d the diaphragm in the tendinous 
part, lived — months after the wound was made; but, dying at length, 
it appear d ſo great, being, perhaps, dilated by his ſtraining to vomit 
that the whole ſtomach was found to have got by it, into the left fide o 
the thorax. And ſuch, alſo, was the accident which happen d to a noble- 
man whom I have ſeen, and who is yer alive; in whoſe cheſt, there hath, 
for theſe many years, remain d a hole ſo great, that the motion of his 
heart may be perceiv'd thro it. An ingenious conjecture hath been made, 
at the cauſe of the ſudden death of animals in the exhauſted receiver; 
which ſuppoſes it to be, not the want of air that deſtroys them, but the 
preſſure of that in the cavity of the cheſt ; as if the ſpring; thereof, being 
no longer balanced by the ambient air, thereby becomes ſo ſtrong, as to 
keep the thorax forcibly diſtended, hinder its wonted contraction, and ſo 
compreſs the lungs and their veſſels, as to obſtruct the circulation of the 
blood. But Wallaus relates, that he often obſerv'd, in the diſſection of 
live bodies, the membrane. which inveſts the. lungs, had pores: in 17 
as big as the larger ſort of peas: which agrees with the obſervations 
chirurgeons and phyſicians, that matter, collected in the thorax, hath pe- 
netrated into the lungs, and been diſcharged by coughing. And of 


the animals, kill d in our engine, were birds; whoſe lungs, Dr. Harvey has 
en: 


obſerv'd, very manifeſtly to open, at their extremities, into the 
and, by ſuch perforations, we may well ſuppoſe the paſlage free, betwixt 
the external air, and that in the abdomen. Beſides, to ſhew that the ani- 
mals, which expired in our glaſſes, need not be ſuppoſed to have been kill'd 
by the want of air; we foreſee another argument, which ought not to be 
conceal'd. The poſſibility, of a vacuum is, frequently, deny d; and the 
ſpaces void of air, and other groſſer bodies are, all of them, ſuppoſed 
exactly repleniſhed with a certain ethereal matter, ſo thin and ſubtile, that 
it can freely penetrate the pores of the moſt compact, and cloſe bodies, 
2 Hence it may be ſaid, that the animals, included in our 
receiver, died not ſo much for want of air, as becaufe the air pumped 
out, was neceſſarily ſucceeded by an ethereal ſubſtance ; which, conſiſting 
of parts vehemently agirated, and ſo very ſmall, as, without reſiſtance, 
to paſs in and out, thro' the pores of glaſs ; a conſiderable quantity of this 


reſtleſs matter, meeting together in the receiver, may be 2 able, by 


the exceſſive heat of it, to deſtroy a little animal, or, at 


air too hot to be fir for reſpiration. 7 


* 


But 
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Bot we have already anſwer'd this objection, by the late « 


, * 4 


+ 
which ſhew no heat to be generated in our exhauſted * 8 


It might, alſo, ſeem probable, that, upon the ſudden removal of the 
 wonted preſſure of the ambient air, the warm blood of our animals was ſo 
vehemently expanded, as to diſturb the circulation, and ſo diſorder the 
whole ceconomy of the body; did ſuch animals, alone, as are of a hot eon- 
ſtitution, loſe their lives in the exhauſted engine. But as to the uſe of air, 
in reſpiration, tis known to ſerve in the production and modulation of the 
voice; the expulſion of excrements, by coughing ; the conveying in of 
odours, by inſpiration, &c. which are rather convenient for the well-being 
of an animal, than to life. Mippocrates fays, of the air in ani- 
mals endow'd with lungs, that © tis the cauſe both of 
that tis ſo-neceſlary, a man cannot live part of a day without it; and 
* that reſpiration, alone, is the action which can never be ſuſpended.” 
But, as to the reaſon why the inſpiration, and expiration of air, are fo very 
neceſſary to life, both naturaliſts, and phyſicians, differ fo widely, that it 
will be very difficult, either to reconcile their opinions, or determine their 
overſies. | 
Many ſuppoſe the chief uſe of reſpiration, is to cool and temper that 
The in the heart nd blo hs 5 by n 
„ a „t air is „ by ms 8, to co 
the that paſſeth out of the right ventricle of the heart into the lungs ; 
whereby it may gain ſuch a conſiſtence, as is requifite to make it fit fewel 
for rhe vital flame in the left ventricle of the heart. And, indeed, fiſh, 
and other cold creatures, whoſe hearts have but one cavity, are unprovided 
of lungs. But, tho', poflibly, the air infpired, may, ſometimes, be of uſe 
in refrigerating the heart; yet, it may be objected, that ſeveral cold crea- 
tures, as, particularly frogs, ſtand in need of reſpiration ; which feems 
unneceſſary for refrigeration to them, who are deſtitute of any ſenfible heat, 
and hve in the cold water; that even decrepid old men, whoſe natural 
heat is very languid, and almoſt extinguiſhed, have, yet, a neceſſity of 
iration ; chat a temperate air, is fitteſt for the generality of 
breathing creatures; and as an air too hot, fo alſo, an air too cold, ma 
be inconvenient for them; that in ſome diſeaſes, the natural heat is fo 
_ weaken'd, that were the uſe of refpiration to cool, it would be more 
hurtfal, than beneficial, &c. Theſe, and other objections, might be 
pos d, and preſs d, againſt the recited opinion; but, we ſhall only add, 
that it appears not, by our foregoing experiments, in the exhauſted receiver, 
where animals die ſo ſuddenly, for want of refpiration, that the ambient 
boy s ſenſibly hotter, than the common air. 


to provide for the generation of ſpirits. And, theſe alledge the authority 
of the ancients, among whom, Hippocrates ſeems, mani , to favour 
their opinion ; and Ariſtotle, and Galen, ſometimes appear inchnable 
to it. But, it ſeems very difficult to ſhew, how the air is convey'd into 
Vor. II. | Ooo the 


life, and diſeaſes; 


1 . 
| will have the very ſubſtance of the air to get, by the veſſels of 
the lungs, to the left ventricle of the heart, not only to temper its heat, bur 


Puzy 


the left ventricle of the heart; eſpecially, ſince the ſyſtole and diaſtole of 
| the heart, and lungs, are very far from ſynchronal: beſides, the ſpirits ap- 


blood ; the ſeaſonable exp 


blood, w 
out of the lungs; becauſe, the inſpired air, reaching to all the ends of the 
Aßpera Arteria, there aſſociates itſelf. with the exhalations of the circulating 
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earing to be, but the moſt ſubtile, and unctuous particles of the blood, 
Na a very different nature, from that of dry incombuſtible corpuſcles 


Another opinion of reſpiration makes the genuine uſe of it to be the 
ventilation of the blood, in its paſſage thro the lungs ; whereby, it is diſ- 
burthen d of thoſe excrementitious ſteams, proceeding, for the moſt part, 
from the ſuperfluous ſeroſities of the bload, and chyle. But, this hypothe- 
ſis may be explain d two ways. For the neceſſity of air in reſpiration, 
may be ſuppos d to proceed from hence; that, as a flame cannot long ſub- 
ſiſt in a narrow, and cloſe place, becauſe, the fuliginous ſteams, it conti- 


nually throws out, cannot be long receiv d into the ambient body, which, 


after a while, growing too full of them, to admit any more, ſtifles it; fo 
the vital fire in the heart requires an ambient body of a yielding na- 
ture, to receive into it the 2 ſeroſities, and other recrements of the 
oo ion whereof, is requiſite to depurate the maſs, 
and make it fit, both to circulate, and to maintain the vital heat reſiding in 
the heart. The other way, is, by ſuppoſing, that the air doth, not only 
as a receptacle, admit into its interftices the excrementitious vapours of the 
— they are d thro the wind-pipe; but, alſo conveys them 


blood: and, when tis exploded, carries them away with itſelf, as winds 
ſpeedily dry up the ſurfaces of wet bodies. | 
Now, to the firſt of theſe two ways, our engine affords us this objec- 


tion; that upon the exſuction of the air, the animals die a great deal ſoon- 


er, than if it were left in the veſſel; tho, by that exſuction, the ambient 
ſpace is left much more free to receive the ſteams, that are either breath- 


ed out of the lungs of the animal, or diſcharg d by inſenſible tranſpira- 


tion. 55 | . 

But, if the hypotheſis be taken in the other ſenſe, it ſeems agreeable to 
that grand obſervation, which the phenomena of our engine, and the re- 
lations of travellers ſuggeſt that there is a certain conſiſtence of air, re- 


_ -quiſite to reſpiration ; ſo that, if it be too thick, and already over d 
with vapours, it will be unfit to unite with, and carry off thoſe of t 


blood; as water will diſſolve, and aſſociate, but a certain proportion 
of ſaline corpuſcles; and, if it be too thin, the number or ſize of the aeri- 


al particles is too ſmall to receive, and carry off the excrements of the 


blood in due quantity. | 4 obo 

Now, that air too much thicken d with ſteams, is unfit for reſpiration, 
appears by what happens in the lead-mines of Devonſbire, and, perhaps, 
of ſome other countries; for, I am. credibly inform'd, that damps often 
riſe here, which ſo thicken the air, as ſuddenly to ſtifle the - workmen, 


And, that this proceeds, not from any arſenical, or poiſonous exhalation 
.contain'd in the damp; but, from too great a con tion of the air ; 


ſeems 
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ſeems probable, becauſe it often leiſurely extinguiſhes the flames of their Nn 


candles, or lamps; and alſo, becauſe in thoſe cellars, where large quanti- 
ties of new wine are ſet to work, men have been ſuffocated by the fteams 
exhaling from the muſt, and too much thickening the air: for this reaſon, 
in ſome hot countries, thoſe who have occaſion to go into ſuch cellars, 
carry with them a quantity of well-kindled coals, which they hold near 
their faces, whereby, the tumes being diſſipated, and the air rarified, the 
ambient body is reduced to a conſiſtence fit for reſpiration. 

And, by way of confirmation hereof, we may add, that in a ſmall recei- 
ver, we carefully clos'd a bird, which, tho for a quarter of an hour, he ſeem'd 
not much prejudiced, by the cloſeneſs of his priſon, he, afterwards, be- 
gan to pant vehemently, keep his bill open, and appear very ſick; and, at 
length, after ſome long, and violent ftrainings, he caſt up a little matter out 
of his ſtomach: and this he did ſeveral times, till growing ſo ſick, that he ſtag- 

d, and gaſp'd, and was ready to expire. Now, we perceiv*d, that within 
three quarters of an hour, from the time he was put in, he had ſo thicken d, and 
tainted the air, with the ſteams of his body, that it was become altogether 
unfit for the uſe of reſpiration ; which is no wonder, ſince, according to 
Sanforius, that part of our aliment, which goes off by inſenſible perſpiration, 
— in weight, all the viſible, and groſſer excrements, both ſolid, and 
liquid. | 
hat air too much dilated, is unfit for reſpiration, the ſudden death of 
animals kill'd in our exhauſted receiver, ſufficiently manifeſts. And, it may 
well be doubted, whether if a man were rais'd to the top of the atmo- 
ſphere, he would be able to live there many — — Acoſta tells 
us, that when he himſelf paſs'd the high mountains of Peru, to which, he 
ſays, the Alps ſeem'd but as ordinary houſes, compared with high towers ; 
he, and his companions were ſurpriz d with extreme pangs of training, and 
vomiting blood, and with ſo violent a diſtemper, that he concludes, he ſhould 
undoubtedly have died, but, that this laſted not above three, or four hours, 
before they came into a more natural temperature of air. Our author 
adds, that he is, therefore, perſuaded, ** the element of the air is there fo 
* ſubtile, and delicate, as to be inconſiſtent with the reſpiration of man, 
* which requires a more probs and temperate air.” 

But, perhaps, the air doth ſomething more, than barely help to carry off 
what is thrown out of the blood, in its paſſage thro' the lungs, from the 
right ventricle of the heart to the left. For in phlegmatic conſtitutions, 
and diſeaſes, the blood will circulate tolerably well, notwithſtanding its 
being exceſſively ſerous ; and in aſthmatical caſes, tho? the lungs be greatly 
ſuffd with viſcid phlegm, yer the patient may live for ſome years: whence 
it is ſcarce probable, that either the detention of the ſuperfluous ſerum of 

the blood, for a few moments in the lungs, ſhould be able to kill a perfectly 

ſound and lively animal ; for we commonly found, upon repeated trials, in 
a ſmall receiver, that, within half a minute, a bird would be ſurpriz d 
by mortal convulſions, and, within a minute more, would die, beyond a 
poſlibility of recovery from the 8 tho* never ſo haſtily let in. —_ | 
00 2 what 
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what fhews it was not the cloſeneſs of the veſſel, but the ſudden exſuc- 
tion of the aix, that killed thoſe creatures ſo ſoon ; we once inclogd a 
bird in a ſmall receiver, where, for a while, he cat very chearfully ſome 
ſeeds that we convey d in with him; and not only liv'd ten minutes, but 
had, probably, ſurvi d much longer, tho he had not been reſcu d. Another 
bird being, within half a minute, caſt into violent convulfions, upon the 
ox ſuction of the air; we haſtily turn'd the ſtop- coc k, to let it in again, where- 
by the gaſping animal was preſently recover d. And, at another time, we, 
at night, up a bird in one of our ſmall. receivers, and obſerv d, that, 
for a while, he was ſo inſenſible of the alteration of the air, that he fell 
with his head under his wing; and tho he afterwards awaked ſick, 

yet he continued upon his legs, for above forty minutes; and then feeming 
ready to expire, we took him out, and ſoon found him lively. Upon the 
— 05 na has, xy enemy pr 
which we do nat yet t | it to 
the liſe of animals. 
Paxacelſus, indeed, tells us, that as the ſtomach concocts the aliment, 
% and part of it uſeful to the body, rejecting the other; ſo the 
jungs conſume part of the air, and reject the reft.” Whence, a 
to him, we may ſuppoſe a little vital quinteſſence in the air, which ſerves to 
refreſh and reſtore our vital ſpirits ; for which purpoſe, the groſſer, and 
far greater part of the air, being unſerviceable, it is not ſtrange that an 
animal; ſhould inceſſantly require Freſh air. This opinion, indeed, is not 
abſurd ; but it requires to be explain'd and prov'd: beſides, ſome objections 
may be made to it, from what has been already argued againſt the tranſ- 
mutation of air, into vital ſpirits. Nor is it probable, that the bare want 
of the generation of the uſual quantity of vital ſpirits, for leſs than one mi- 
nute, ſhould be able to kill a lively animal, without the help of any exter- 
nal violence. And, upon this ſuppoſition, Cornelius Drebell, is affirm'd, by 
many credible perſons, to have contrived a veſſel to be row'd: under water: 
for Drebell conceiy'd, that it is not the whole body of the air, but a cer- 
tain ſpirituous part of it, that fits it for refpiration ; which being ſpent, the 
remaining body of the air, is unable to cheriſh the vital flame reſi- 
— the heart. So that, 2 09 a 7 Gr of his boat, 
a chymicalli , which, — erein it was con- 
tain d, the 4 ſpeedily reſtore to the air, foułd by reſpira- 
tion, fuch a proportion of vi rts, as would make it again fit for that 
ofſice; and having made it my {s to learn this. ſtrange liquor, his re- 
lations conſtantiy affirm'd, that Drebell would never diſcloſe it, but to one 
perſon, who: himſelf told me what it was. I have, therefore, been ſome- 
times, 8 the air neceſſary to ventilate and cheriſt the 
vital flame, which ſame imagine to be continually burning in the heart: 
for that, in aur engine, the flame of a lamp will vaniſh almoſt as ſoon af- 
On To a —_— —— of an animal. — have made a 
| „in the form of a clove, but twice as long, proportionably 
thick, of ſuch a compaſition, that if it be kindled at the upper end, _—_ 


- 
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moſt certainly burn away to the bottom, much better than a match: thisPuzvxames. 
we often convey'd, kindled at the upper end, into a ſmall receiver; but ſtill 
found, that tho* preſently, upon the exſuction of the air, it would leave 
ſmoking, and ſeem quite gone out; and again begin to ſmoke, as ſoon as 
the air was let in upon it ; yer, if the air were kept out but four or five 
minutes, the fire would be totally, and irrecoverably ras. orally An 
conveying a ſmall lamp into a large receiver, with highly rectified ſpirit 
wine, we could not, upon ſeveral trials, make the flame laſt two mi- 
nutes, after the air was began to be drawn out. This latter opinion, how- 
ever, has its difficulties: for tho, in the hearts of many animals, the blood 
be a warm liquor, and, in ſome, even hot; yet it is hard to conceive either 
how the air can get thither ; or how, in caſe it could, it ſhould increaſe the 
heat: fince, however the air may increaſe the heat of a coal, by blowing 
off the aſhes, and making the active corpuſcles penetrate farther into the 
kindled body, and ſhatter it the more ; yet hot liquors have their heat al- 
lay d, by air blown on them. And, fince ſome naturaliſts think the hear 
reſiding in the heart, to be a true flame, but temperate as the flame of ſpi- 
rit of wine; which will long burn upon fine linen, or paper, without con- 
ſuming them; I wiſh they had been more curious to make different trials 
with that liquor. For the flame of highly rectiſied ſpirit of wine, will 
not only conſume paper, and linen; but I have uſed it in lamps, to difſtil 
liquors out of tall cucurbits, and found that it gave, at leaſt, as great a. 
=_— ** oil: nay, I have readily melted crude gold, with the bare flame 
this ſpirit. | 
Dr. Harvey demands, why a fœtus, even out of the womb, if involv'd 
in the ſecundines, may live, for a conſiderable time, without reſpiration ; 
yet, if after having once began to breathe, its reſpiration be ſtop d, it 
e preſently dies? We pretend not to ſolve this problem, but made the fol- 
lowing experiment with a view to it. We caus d a bitch to be ſtrangled, 
that was almoſt ready to whelp ; and preſently opening her, found four 
uppies ; one of which we freed from the coats that involy'd him, and 
m the liquor wherein he ſwam, and obſerved, that he quickly open d 
his mouth very wide, mov'd his tongue, and exercis'd reſpiration, + | 
we open d both his abdomen, and cheſt, and cut the diaphragm aſunder ; 
notwithſtanding which, he ſeem'd often to endeavour at reſpiration, .and 
remarkably mov'd the intercoſtal muſcles, part of the diaphragm, the mouth 
and tongue. But being deſirous to try whether the other young ones, 
that had not yet breathd at all, would long ſurvive this ; we took them 
out, and having open'd them, found none of them ſo much alive as to 
have any perceptible motion in their hearts; whereas the heart of that which 
had once enjoy d the benefit of reſpiration, continued its motion ſo. long, 
that we obſerv d the auricle to contract, after five or fix hours; and it 
continued about two hours longer. | 
It is much doubted, whether fiſh breathe-under water. That ſuch as 
are not of the whale kind, have no reſpiration, as tis exerciſed by beaſts, and 
birds, may be argued from their having no cavity in their hearts, 9 
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Puzoxar10s. their want of lungs, whence they are obſery'd to be mute; unleſs we ſay, 


1 
N a 


_— 


that their gills anſwer to lungs. But that air is neceſſary even to the lives 


of fiſh; and that therefore, tis probable, they have ſome obſcure kind of 


reſpiration, ſeems manifeſt from obſervations, and experiments. Several 
authors tell us, that fiſh ſoon die in ponds, and glaſſes quite fill'd with 
water, if the one be ſo frozen over, and the other ſo cloſely ſtop'd, that 
they cannot enjoy the benefit of the air. And our engine hath taught us, 
that many little parcels of interſperſed air, lurk in water ; and this, per- 
haps, ' fiſh may make ſome uſe of. | ; 
emoving a large eel, out of a veſſel of water, into our great receiver, 
we cauſed the air to be evacuated, and obſery'd, that after ſome motion 
in the glaſs, ſhe ſeem d ſomewhat diſcompoſed, and, at length, turn'd up 
her belly, and afterwards lay ang; a4 moveleſs, as if quite dead ; but 
upon taking her out of the receiver, ſhe ſnew d herſelf as much alive as before. 
Bur, indeed, a large grey houſe-ſnail, being clos d up in one of our 
{ſmall receivers, neither fell down from the ſide of the glaſs, upon draw- 
ing out the air; nor was ſo much as depriv'd of progreſſive motion there- 
by: tho, except this, we never put any living creature into our exhauſted 
receiver, but what gave ſigns of death. OPT; | 
Hippocrates, and ſome learned phyſicians of late, ſuppoſe, that a foetus 
reſpires in the womb; but it ſeems very difficult to conceive how air 
ſhould' traverſe the body of the mother, and the teguments of the child: 
and ſince nature hath, in new-born infants, contrived peculiar temporary 
veſſels, that the blood may circulate thro” other paſſages, than it does in 
the ſame individuals, when they come to have the free uſe of their lungs, 
tis improbable that the fœtus in the womb ſhould properly reſpire : but, 
then, ſince our experiments have manifeſted, that almoſt all kinds of liquors, 
as well as water, abound with interſperſed corpuſcles of air, it ſeems not 
altogether abſurd, that when the fœtus is grown big, it wy exerciſe ſome 
obſcure reſpiration ; eſpecially ſince children have been heard to cry in 
the mother's womb. And I know a young lady, whoſe friends, when ſhe 
once went with child, complain'd to me, that ſhe was ſeveral times much 


frighted with ſuch cries ; which, till I diſabuſed her, ſhe, and her friends, 
look'd upon as entous. And *tis no very unfrequent thing, to hear 


the chick pip in the egg, before the ſhell is broken. This, however, I only 
bring as a probable argument, till I can diſcover whether the motion of a 
rare ſubſtance, tho no true air, may not, at the top of the larynx, pro- 
duce a ſound; ſince the blade of a knife, held in ſeveral poſtures, in the 
ſtream of the vapours that iflues out of an æolipile, will afford various and 
very audible ſounds. I have, alſo, had thoughts of trying to make a 
large receiver, with little glaſs windows, capable of n a man, who 
may obſerve ſeveral things as to reſpiration, Cc. and, in caſe of fainting, 
may, by giving a ſign, be immediately relieved with freſh air. And it 
ſeems not impoſſible, that ſome men, by uſe, may bring themſelves to 
ſupport the want of air a pretty while; ſince we ſee that ſeveral will live 
much longer than others under water. Thoſe who dive for pearls 25 
501298 $365 [32-4 * |; | the 
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the Wiſt-Indies, are to be able to ſtay a whole hour under water: Pr 10 
ſt reported y + 


and Cardan tells us of one Colanus, a diver in Scily, who was able to con- 
tinue there three or four times as long. We have, alſo, often ſeen in Eng- 
land, a corpulent man, who deſcends to the bottom of the Thames, and 
thence brings large fiſh, alive in his hands, out of deep holes; as Acoſta tells 
us, he ſaw in Peru, the like manner of fiſhing practiſed by the Indians. 

| However, there are but few men, who, even by uſe, can ſupport, for ma- 
ny minutes, the want of air: a famous diver, of my acquaintance, tells me, 
that at the depth of 50 or 60 feet under water, he cannot continue a- 
bove two minutes, without reſorting to the air which he carries down 
with him in an engine. He, alſo, told me, that by the help of ſpunges 
dip'd in oil, and held in his mouth, he could much longer ſupport the 
want of reſpiration, under water, than without them : the true cauſe of 
which, would, perhaps, if diſcover d, hint the nature of reſpiration 
in fiſh, But the neceſſity of air to the greateſt part of animals, unaccuſto- 
med to the want of it, uy be beſt judg d of by the following experiment. 

We convey d a bee, a fleſh-fly, and a palmer-worm, into one of our ſmall 
receivers, and, upon exhauſting thereof, obſery'd, that the bee and the fly 
fell down, and lay with their bellies upwards, and that the worm ſeem'd to 
be ſuddenly ſtruck dead; all of them lying without motion, or any other 
diſcernible ſign of life, in leſs than one minute ; notwithſtanding the-ſmall- 
neſs of the animals, in proportion to the receiver, which, too, was not free 
from leaks: but we had no ſooner re-admitted the air, than all the three in- 
ſes gave ſigns of life, and, by ma recover d. When we had again 
drawn out the air, their motions preſently ceaſed, and they fell down, ſeem-- 
ingly dead, as before; continuing moveleſs, as long as, by pumping, the veſſel 
was kept exhauſted. Herein appears the wiſe conduct, and goodneſs of 
the creator, who, by giving the air a ſpring, hath made it very difficult to 
exclude a thing ſo neceſſary to animals. And here we may ſuſpect, that 
if inſets have no lungs, nor any part anſwering thereto, the ambient air 
afſects, and relieves them, at the pores of their skin; for, as Hippocrates 
well ſaid, © a living body is every where peripirable.” Thus the moiſter 
parts of the air readily inſinuate themſelves into, and recede from the 
pores of the beards of wild oats, and of other wild plants, which almoſt 
continually wreath and untwiſt themſelves, according to the lighteſt vari- 
ations in the temperature of the air. 

We, particularly, took notice in this 2 that, when, at any 

time, upon the re- admiſſion of the air, the bee began to recover, the fi 
ſign of life ſhe gave, was a vehement panting, which appear'd near the 
tail; the like we have obſerv'd in bees drown'd in water, when they firſt 
come to be revived, by a convenient heat ; as if the air were, in one caſe, 
as proper to ſet the ſpirits, and alimental juice in motion, as heat, in the 
other. 
This experiment, alſo, ſeems to manifeſt, that, even living creatures, 
man always excepted, are a kind of very curious machines. For, here we 
ſee animals lively, and perfectly ſound, immediately deprived of * 
| A 
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Pons rand all diſcernible ſigns: of life, and reduced to a condition that diflers 


dom death, only, in being not abſolutely irrecoverable : and this is per- 


Whether the 


Jause l iger in diſſolving bodies, may be 


N 


nefſs, and became tranſparent again; 
Yanguidly upon che coral, as before they were put into the receiver: 


form d without the leaſt external violence, more than is offer d to a wind- 
mill, when, the wind ceaſing to blow on the ſails, all the ſeveral parts 
1 and uſeleſs, till a new breeze puts them again into 
motion. 4 4 #3 7s 
Fis known, that bees, and ſome other inſets, will walk, and fly, for a great 
while after their heads are off, and ſometimes one half of the —5 will, for 
ſeveral hours, walk up and down, when it is ſever d from the other; yet, upon 
the exſuction of the air in this experiment, not only the progreſſive motion of 


the whole body, but the very motions of the limbs immediately ceaſe ; as if 


the air were more neceſſary to theſe animals, than their on heads. 
But, in theſe inſects, fluid body, in which life chiefly reſides, 


N 

the air: for, tho as long as the pump was kept working, they continued 
ve 5 Pa in, at. the un- 

1 flowly reſtored them to the free exerciſe, and functions of 

ful, 


42. | 


ving 'da —— that the action of corroſive liquors 
bly varied by the gravitation, or preſ- 

he removal of it ; I examined my conjec- 

ture by the following experiment. | 


J caft ten whole pieces r as much ſpirit 
of vinegar as reach d an inch above them; then putting theſe, toge- 
ther with the menſtruum, into a long-neck d vial, whereof they ſcarce 
fill'd a third part, we convey d that vial into one of our ſmall receivers, 


ſure of the incumbent air, and the 


and having faften'd on the cover, we let the liquor remain unmov'd a while. 


But finding, there only aroſe, as before, a number of ſmall bubbles, that 
cauſed no ſenſible froth upon the ſuriace of the vinegar ; we made two or 
three exſuctions of the air, upon which there roſe, from the coral, ſuch a 
multitude of bubbles, as made the whole body of the menſtruum ap 

white ; and ſoon after, yieldeda froth, equal in magnitude to the reſt of the 


| liquor ; che menſtruum plainly appearing to boil : tho, if we deſiſted but 


one minute from pumping, the decreaſe of the froth, and ebullition, _ 
the getting in of a little air, at ſome leak or other, ſeem'd to argue, that 
the removal of the preſſure of the external air, gave occaſion to this effer- 


veſcence. But, for farther ſatisfaction, we let in the external air at the 


ſtop-cock, when, immediately, the froth vaniſhed ; and ſo many of the 
bubbles, within the body of che liquor, difappear'd, that it loſt its white- 
in; the menſtruum, alſo, Nl 


when 
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when we had again drawn out the air, firſt the whiteneſs re- appear d; and Ps 
then the ebullition was renew d; which, at length, grew ſo. great, that, p 


for three or four times ſucceſſively, when the air was let out of the re- 
ceiver into the emptied cylinder, the froth overflow'd the, glaſs, and ran 
down the ſides. of it: and yet, upon re-admitting the excluded air, 
it grew, immediately, calm and tranſparent ; as if its operation upon the 
coral, had been facilitated by the exſuction of the incumbent air; which, 
on its, receſs, left it eaſier for the more active parts of the liquor to-ſhew. 
themſelves; than whilſt the preſſure of the air continued. It may, indeed, 
be ſuſpeCted, that thoſe vaſt and numerous bubbles proceeded not from the 
action of the menſtruum upon the coral, but from the ſudden emerſion of 
thoſe many little parcels of air, which are diſperſed. in liquors; but, 
having had this 2 before we made the experiment, we convey d our 
diſtill d vinegar, alone, into the receiver, and kept it a while there, to free 
it from its bubbles, before ever we put the coral into it. It may be ſuſ- 
pected, likewiſe, that the agitation 40 the liquor, conſequent upon ſhaking 


the glaſs, by pumping, might. oceaſion the ebullition; but, upon trial, there 


appear d no conſiderable change in the liquor, or its operation, tho the 
containing veſſel was ſhaken, if no air were drawn out. The experi- 
ment was again made in a ſmall receiver, upon coral groſly. powder d, 
with a ſucceſs very like the former; only the coral, being now reduced to 
ſmaller, parts, ſo wany little jumps of it would, upon, the, ebullition of 
the liquor, be carry d, and buoy d up, by the emerging bubbles, as ſome- 
times to darken the vial; tho they would fall again, upon letting in the 
air. We muſt not omit, that, when the ſpirit of vinegar was boiling 1 
2 * wie took out the vial, but could not find that the liquor was ſen- 
y „ 15 | yy 


43. We cauſed water to be: long boil'd, that ie might be freed from its Th ebullition of 
air; then, almoſt filling a:four-ounce. glaſs-vial with it, we;convey'd that, t = 


whilſt the water was yet hot, into a {mall receiver ; and having, luted on 
the cover, the air was drawn out: upon the two firſt exſuctions, there 
ſcarce appear d any change in the liquor ;' nor was there any great altera- 


tion made by the, Third; but at the fourth, and afterwards, the water 
appear d to boil in the vial, as if it had ſtood over a very ſtrong fire; for 


the bubbles were much greater than are uſually found, upon the ebullition 
of large quantities of water. And this efferyeſcence was ſo great, that, 


the liquor, boiling over the top of the neck, much of it ran down into the 


receiver, and, ſometimes, continued to boil there. In proſecuting the ex- 
periment, we obſery'd, that, ſometimes, after the firſt ebullition, we were 
obliged to make ſeveral exſuctions, before the liquor could be brought to 
boil again: but, at other times, as often as the air was ſuffer'd to paſs 


from the receiver into the pump, the efferveſcence would begin afreſh; tho 
the pump were ply'd for a pretty while together: which ſeem'd to argue, 
that the boiling of the water proceeded from hence, that, upon with- 
drawing the preſſure of the incumbent air, either the fiery corpuſcles, or 
rather the vapours agitated by the heat in the water, were permitted 
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greatly to expand themſelves in the evacuated receiver; and, in their tu- 


multuous dilatation, lifting up the higher part of the water, and, turning it 
into bubbles, made it appear to boil; for the efferveſcence was confined to 
the 1 part of the water; the lower remaining quiet, unleſs the liquor 
Se he now. And tho', ſometimes, as we ſaid, the ebullition be- 
gan again, after it had ceaſed a pretty while ; whence it ſeem'd that ſome 
concurrent cauſe did a little modify the operation of heat; yet, when the 
water, in the vial, could, by pumping, be brought to boil no more, the 
ſame water, being, in the very ſame vial, convey'd back to the re- 
eivrer, was quickly brought to boil afreſh; with vehemence, and for a 
conſiderable dme; whilſt 'a new - parcel, taken out of the ſame boil'd wa- 
ter with the former, and put in cold, could not, by pumping, be brought 
to ſhew the leaſt efferveſcence. And hot ſallet- oi] ſhew'd no eſſerveſcence 
in our receiver; but the chymical oil of turpentine was preſently made to 
boi up, till it reached four or five times its former height in the vial; and 
continued boiling, till it was almoſt but luke-warm. Wine, alſo, being 
convey'd in hot, did, at the very firſt exſuction, begin to boil ſo vehe- 
mently, that, in a ſhort time while the pump was kept moving, four parts 
of ſiye boil'd over the vial; tho ĩt had a long neck. And even of the wa- 
ter itſelf, near one half would, ſometimes, boit over into the receiver, be- 
fore it became luke-warm. It was, alſo, remarkable, that once, when 
the air had been drawn out, the liquor did, upon à ſingle exſuction, boil 
ſo long, with'prodigiotiſly'vaſt bubbles, that the cence laſted almoſt 
a quarter of a minute. Hence it appears, that the air, by-its fironger, or 
r MIS may very much modify ſeveral operations of that vehe- 
nd tumultuous agitation of the ſmall parts of bodies, wherein the 


ment a 


nature of heat ſeems to conſiſt: ſo that if a heated body were convey d 


A * above the atmoſphere; tis probable; that the heat would have à different 
rr e ee 


8 
Lung now preſented my great engine to the 


Ar | royal ſociety, I was 
1 obliged to procure another; wherein, tho* the conſtruction, in gene- 
=, the ſame in both, there were ſome altera tions, and improvements 
„„ ; 152570) kb 326) 1 W | MH 1 $9: 5290 p 9 
The figures repreſent this engine, as ready for work; and, becauſe the 
ſucker is to be always under water, and the perforation PQ, that is cont inu d 
r quite chro it, and ſerves, together with the ſtick R &, for 
valve, is to Be ſtopp d at the bottom of — 1 as at NO, when tis 
full of water; twas requiſite to make the ſtick RP, two or three feet long. 
But the chief thing is, chat, in the ſecond figure, the pipe A B, whoſe 
B, bends ards, lies in a groove, purpoſely made, in the flat wooden 
board CDE F, on which the receivers are to reſt. This ſquare board, I 
cauſed” to be overlaid with very cement, on which was applied a 
ſtrong plate of iron, of the bignets and ſhape of the board, leaying only - 
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ſmall hole, for the erect part of the pipe to come out at; which 1 added, Prauxaxzce. 


not only to keep the board from warping, but becauſe the preſſure of the 
atmoſphere on the ſide of it, when there is none, or very little, on the 
other, will enable many aerial r. to ftrain thro" the wood, tho 
thick, and moiſten'd with oil. Io this iron-plate, we can fit a lip, turn- 
ing up about it, to prevent the water, that, on ſome occaſions, comes 
the receiver, from falling on the floor. And, by the way, tho* the ſtop- 
cock GHIK, that belongs to the pipe, may inſerted at I, into t 
cylinder LM NO, by the help of ſolder; yet we choſe to have the branch 
L of the ſtop-cock, made like a ſcrew, which, being once firmly fitted to 
the barrel, is not apt to be broken off, and may be more eaſily mended, 
if any thing happen to be out of order; which the engine is moſt liable to, 
in, or about the Pipe. | 
The ſquare, and hollow wooden part of this Engine diſcernible in the 
firſt figure, is ſo made, not only to contain the cylinder, but as much 
water as will always keep it quite covered, by which means, the ſucker 
lying, and playing always under water, is continually kept plump, and 
turgid ; and the water being ready to fill up any little interval, that may 
happen, between the facker, and the infide bf the barrel, farther conduces 
to 1 — out the air. But, if great care be not taken in turning the ſtop- 
cock, the water will be impell d into the receiver, and prejudice ſeveral 
experiments, when the included bodies may be fpoil'd, or impair'd by that 


liquor. 2 
The flat plate, lately mentioned, has this great conveniency in many ex- 
eriments, that the receiver needs no ſt of its own ; for ſuch a veſ- 


Fol being made of an entire of glaſs, and laid the plate, well 
cover d With cement, can Aon keep out the air, Han if hers were a 
ſtop- cock, at which the air too frequently gets in. | 2 01 

A good cement, wherewith to faſten the receivers to the iron- plate, is 4 
thing of great moment in making the following experiments, and we empley 
different compoſitions for different purpoſes 3 but, in general, only a mixture 
of bees-wax and turpentine, made with equal ores for the winter, and 
three parts of the former to two of the latter, for the ſummer. 


1. We took a vial with a ſmall neck, and having fill'd about a fourth parrof Mercury rina 


it with quick-lilver,we ſo erected, and faften'd a long andflender pipe of glaſs, ? 
open at both ends, in the neck thereof, with hard ſealing wax, that the lower ai. 


end reach d almoſt to the bottom of the quick-filver, and the upper more than Fig. bag 


a yard above the vial ; then, having blown in a hittle air, we comey d the 
whole into a long ſlender receiver: upon evacuating whereof, we found, 
that the ſpring of the air included in the vial, nnpell'd the quick-ſilver into 
the erected pipe, to the height of 27 inches; and ſuffering the External air 
to return into the receiver, the quick-ſilver ſubſided in the tube, ſometimes 
almoſt, and ſometimes quite as low as the ſtagnant mercury in the vial. 
This experiment we made ſeveral times; and having once blown in fo much, 
air, that what was in the cavity of the vial rais'd and kept the quick-ſilver 
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net e gb in the pipe, we found, by emptying the receiver, that the 

duct flyer rafe 30 inches, or more, dboye chat in che vil... re 

| Sometimes it may happen, that the mercury, when taken very ſoon out 

of the receiver, will not fear to have ſubſided to its firſt ſtation; which 

is not to be wonder d at; ſince, in a receiver, containing but little air, the 

heat of the cement, and of the iron employ d to melt it quite round the 

glaſs, may impart a little warmth to the air in the vial, which will after- 

wards return to its former temper. 

Iis very remarkable, if the receiver be properly ſtopp'd and ſlender e- 

nough, that upon the turning of the ſtop - cock to let out the air at the firſt 

exſuction, the mercury will be impell d up by the ſpring of that in the vi- 

al, ſo. as to riſe ſeveral inches above the height it will afterwards reſt at, 

and make ſeveral vibrations up and down vo. 24 it comes to ſettle ; juſt as 

the mercury. does in the Torricelliax experiment: and ſuch motions of the 

mercury wall be made for four,or five Table uent exſuctions; but they grow 
gradually leſs, as the ſpring of the included air is weaken'd. | 

At the firſt ex ſuction, when the ſpring of the included air was yet ſtrong, 

we found the mercury would be raisd above half, if not + of the whole 

height, -whereto/rwill, at length, aſcend : but the ſubſequent ſtrokes add 

a leſs proportion of height to the mercurial cylinder, ſucceflively ; becauſe 

the more mercury is.impell'd into the tube, the greater weight preſſes 

upon the included air; and becauſe the air hereby gains the more room, 

in the vial, to expand itſelf: whence the ſpring muſt be, proportionably, 

weakned. _ Dog Soy, Tory aids z$d £9: 3: Bit it 9H | 

- Laftly, in making of theſe trials, I obſerved the mercury in a good ba- 

rometer, and found its greateſt height twenty- nine inches, and; and 

ſoon after we had finiſhed, but twenty- nine. ET . 


To eſtimate the quantity of air, that had raiſed the quick-ſilver to 
twenty ſeven inches; we counterpois d the vial, employ'd about this ex- 
nt, whilft it was empty; afterwards filled it with water, and found 
8 to weigh five ounces, two drams, and twenty grains; then having 


pour d out the water, till it was ſunk to a mark, we made on the outſide 
of the glaſs, we weigh the remaining water, equal in bulk to the quick- 


_ 14+ 1.4424, Mver,; and found it one ounce, two drams, fourteen grains: ſo that the 
Air, which had rais d up, the hal pain d, before its expanſion, the 
| hut of four,ounces, and a few odd grains in the vial. The bore of 


. but to the 
— * 
2 


a 
EE =_ uſed in this experiment, was about x inch in diameter. 
lub | ed a ftrong glaſs bottle, capable of holding a quart, we put a con- 
n W. venient e- uick- ſilver, and erected in it a very long ſlender pipe 
of glaſs, open at both ends, and reaching with the lower beneath the ſur- 
en., face 0 the ſtagnant mercury; and PRung well cemented this pipe in the 
neck of the bottle, we convey'd. the whole into a receiver, much larger 
than the former; and then the engine being work d, the quick-ſilver was 
rais d to a greater height than before; and when it ſtood ſtill, 
-we, by the help of ſome marks made before-hand on the pipe, and a 
very long and well-divided ruler, carefully meaſured the height of t the mer- 


curial 
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ing half an inch, which was rais'd, before we employ'd the pump, by ſome 
air, that had been blown into the. bottle, to try whether it were ſtanch, 
there remain'd 29 inches and near for the heizht of the mercury rais d 
by the ſpring of the air ſhut up in the bottle; and then, conſulting the baro- 
meter, which ſtood in another part of the houſe, I found the weight of 
the pr) pt ſuſtain d a mercurial cylinder, of about twenty-nine inches, 
and a halt. 


We cauſed the prom to be well ply'd, to try whether the quick-ſilver - 


would not riſe higher ; but were 'd, that the ſpring of the air was 
inſufficient for that 2 


curial z which we found to be 29 inches and about 2 ; but deduct- Pp ze 


FF 


3. Taking the glaſs-botrle, uſed in the former experiment, and erectin The ſtring of 2 


in it, after the manner above-deſcribed, a cylindrical pipe of glaſs, muc 


tube before mention d, and found, that, by the ſpring of the air in the le 


bottle, the quick-ſilver was raiſed twenty-eight inches, and one eighth; 


that is, above an inch ſhort of the mercurial cylinder in the barometer, at 


ſame time; a difference no greater than I expected; conſidering the 
weight of the atmoſphere, remains the ſame, when the mercury is at its 
full height, in a ſeal'd tube, whether great or ſmall; whilft the ſpring of 
our included air muſt needs be weaken'd, the larger the tube, and the 
higher the mercury is impell'd in it. Whence, 'tis conſiderable, that the 
ſpring of ſo little air ſhould raiſe the mercury within an inch as high in a 
wide, as in a ſlender tube; for the diameter of the bore of the former, 


was double to that of the latter : and the greater mercurial cylinder may- 


be e to have weigh'd near four times as much as the leſs; allow- 
ance 


baſes; that is, as the ſquares of their diameters, or as 1 to 


We thought it worth trying, whether, when the included air had 
raiſed this great cylinder of mercury to the utmoſt height it could, by the 


ſpring it then had, heat would not force it ſtill higher. And, having 
cauſed a hot iron, and a ſhovel of kindled coals, to be held near the oppo- 
ſite parts of the receiver ; we perceived, after a while, that the mercury. 


aſcended one eighth of an inch, or more, above the greateſt height it had 


reached before ; and, cauſing the pump to be ply'd again, to withdraw the 


air I ſuſpeCted to have ſtole in; the mercury was quickly raiſed five 
eighths of an inch, by virtue of the additional force which the included 


air acquired by the heat. 


larger than the other; we proſecuted the experiment, as with the ſlender g «» equal 


ing made for an inch difference in their heights. But, in caſe theſe 
had been equal, then the ſolidity of the cylinders would have been as their 


nearly 


tubes... 


4. We took a glaſs-bottle, furniſhed with a convenient quantity of wa- 4 tons 
ter, and fitted it with a ſlender glaſs-pipe, about three feet long, open at ſpring of =o 
both ends; which was ſo placed, that the lower orifice reached far be- <9" «ve 


neath the ſurface of the water, and the pipe itſelf paſſed, perpendicularly, 
upwards, thro the neck; which, by the pipe, and hard cement, was fo 
firmly cloſed, that no water, or air, could get out of the bottle, or ex- 
ternal air get into it, but by paſſing thro* the pipe. This inftrument 


We 


* ” 
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we convey'd into a large receiver, ſhaped like a pear ; of which a great 

of the obtuſe end, and a ſmall portion of the ſharp one, were cut off 
by ſeQions parallel to the horizon, And, becauſe this receiver was not 
long enough to receive the whole pipe, there was cemented on, to the up- 
per part of it, a ſmaller, of ſuch a length and bigneſs, that the higher end 
of the pipe might reach to the middle of its cavity; and that the motions 
of the Ipringing water might have a convenient ſcope, and be the better 


obſerv 


This double receiver, being cemented on to the engine, a little of the air 
was, by one ſtroke of the pump, drawn from it ; by which, the preſſure of 
the remaining air being weaken'd, that included in the bottle, having not 


- ſpring, likewiſe, weaken'd, expanded itſelf; and, conſequently, im- 


up the water, in the ſame bottle, thro the pipe, ſo as to make it 
ſtrike briskly, at firſt, againft that part of the top of the ſmall receiver, 


which was juſt over the orifice of the tube. But, after the water was, 


Fig. 46. 


for a while, thus forced up, in a perpendicular line, it would be impell d 
up leſs ſtrongly, and leſs directly, till the air, in the bottle, being as much 
expanded, as that in the receiver, it quite ceaſed to aſcend, unleſs by 
pumping a little more air out of the receiver, we renew'd it again. The 
other figure is deſigned to repreſent the difference that would happen, 
33 of making this experiment with water, it were made with 
uick-ſilver. 
bt making this experiment, *tis convenient that the upper part of the 
pipe be very lender ; whence the water, having but a very ſmall orifice 
to iſſue out at, may be ſpent but ſlowly, and thereby make the experiment 
laſt ſo much the longer: or, inſtead of making the upper part of the pipe 
lender; a top, conſiſting of three, or more, very {lender pipes, with a 
{ſmall hole at the end of each, may be cemented on to it; that one of theſe, 
pointing directly upwards, and the others to the right hand, and to the 
lefr, the water may ſpin out ſeveral ways at once; by which kind of 
branched pipes, we have, ſometimes, imitated a Jet dean, and the artificial 
fountains of gardens, and grotto's. 
Hence we infer, that, had we not wanted convenient veſſels, we might, 
by the preſſure of the air, included in the bottle, have raiſed water four- 
teen times as high as we did quick-filver in the former experiment; ſince, 
upon weakening the preſſure of the air, but a little, in the double receiver, 
t within the bottle was able to impel the water, forcibly, and for a 


- conſiderable time, to the top of a pipe a 1 long, and higher. 
ho 


Hence, too, it appears, that, in thoſe hydraulo-pneumarical engines, 
where water is placed between two parcels of air, the water may be 


put in motion, as well by the mere dilatation of one of the parcels, 


wh 
> Ba 


as by giving a new force by heat, or compreſſion, to the other. And, 

whether this mechanical principle of motion may not prove uſeful in en- 

we leave to be con der d. | 

if, when ſome of the air had been pumped out of the receiver, we 

removed that double veſſel from the bottle, the external air would, by 5 
| - weight, 
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weight, ſuddenly depreſs the water in the pipe, till, having driven it to Niue 


the very bottom, it aſcended in numerous bubbles thro” the water, and 
joined it ſelf with the air incumbent on that liquor. "Twas here obſer- 
vable, that all the external air, which got into the bottle, did not come 
in ſuddenly; but, after the firſt irruption, we could perceive, from time 
to time, new portions of air, leifurely infinuate themſelves thro” the 
pipe into the bottle, and emerge thro' the ſtagnant water in bubbles, 
that ſucceeded one another very ſlowly ; as if the ſpring of the included 
air, having been once deprived of its natural — by its late 


expanſion, could be but gradually reduced to it, by the weight of the 
atmoſphere, which was ftill the ſame ; or rather, as if between the ſpring 


of the included, and the preſſure of the external air, balancing each other, 
there happen d ſome fuch thing as is obſervable in ſcales, of which one 


is too much depreſs d; whilft the motion becomes ſlower, as the weights 


1 — e idr in this experiment obſe hether 
0 „our principal deſign, in thi i , was to obſerve, w 

the lines ma by. che water, in its efflux, would retain the ſame figure, 
notwithſtanding the rarifaction of the air, in the upper part of the recei- 
vers and, for this purpoſe, it is beſt to make the obſervation towards the 
latter-end of the experiment ; becauſe, then, the receiver being moſt ex- 
hauſted, the diſſerence, made by the change of the denſity of the me- 


dium in which the ſtreams of water move, is likely to be beſt diſcern d. 
And this convenience we had, by our way of making the experiment, that- 
we could obſerve the lines, deſcribed by the flowing water, as the projection 
thereof grew fainter. Bur, for want of a large upper receiver, we could : 


not be ſatisfied in the nature of the curve; tho” both Dr. Wallis, and my 
felf, found it to be, ſometimes, part of a parabola. | 
5. We provided a braſs ring 


- 


inches; and the diameter of its cavity, as well at the upper as the lower g. 


orifice, was ſomething more than three inches. To this ring we ſucceſ- 
fively fatten'd, with cement, ſeveral round pieces of window-glaſs, and 
thereby made the ring a kind of receiver, whoſe open orifice we carefully 
cemented on to the en 


like that of a piſtol. 


a conſiderable thickneſs, in height three Fl 


zecke 
— of 


ine; and found, that uſually, at the firſt exſuction, 
the glaſs plate would be broken inwards, with ſuch violence, as to be 
ſhatter d into a great multitude of ſmall fragments; and the irruption 
of the external air, driving in the glaſs conftantly, made a loud report, 


6. If, inſtead of the braſs ring, above-mention'd, both orifices whereof 43 
lo 


are equal in breadth, you emp 
ſhaped like a truncate cone; the two orifices be made very unequal; 


as if the larger be as wide as that of our braſs ring, and the ftraiter were 
leſs than an inch in diameter; and this piece of metal be made uſe of, as 
that in the preceding experiment the flat glaſs will be eaſily broken when 


cemented to the wider orifice : but, if the narrower orifice be turn d up- 


ward, the glaſs thereon, if it be of a due ſtrength, tho” no thicker than 


the former, notwithſtanding the air is withdrawn from beneath it, will 
. TIO remain 


a taller hollow piece of braſs, or latton, Fug v. 
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una rie remain entire: which ſufficiently argues, that nature's 'abhorrence of a 
vacuum, is not the cauſe why glaſſes are uſually broken in ſuch experi- 
ments, ſince, whether the wider, or narrower orifice be uppermoſt, and co- 

ver d, the capacity of the exhauſted veſſel, will be equal; and therefore 

po _ to break the glaſs, in one caſe, as well as the 4 5 . 
This phenomenon, therefore, is more properly explain d, by ſaying, 
that — the wider oriſice lies Ed the glaſs that covers it, — 4 
ſerve for the baſis of a large column of the atmoſphere, which, by its great 

weight, may eaſily force thro' the glaſs ; whereas, when the ſmaller orifice 
is uppermoſt, there reſts upon its cover, ſo {lender a pillar of air, as can- 
not, by its weight, ſurmount the natural cohefion of > parts of the glaſs. 
Blows bladders A — „ fail'd -o burſt; ons —— 80 exhauſted re- 
ing of the air cœiver, by tying their necks cloſely, a ing them, for a pretty while, 
— in in the glaſs, whilſtthe air in exhauſting , and — taking them out again; 
that the fibres being ftretch'd, and relax d, and the capacity diminiſh'd 
by a new ligature, tho the air were the ſame, and the membrane being not ſo 
able to yield, as before; upon the ſecond exhauſtion of the receiver, they would 
| break far more eaſily, than otherwiſe-;: and ſometimes: be oddly lacerated. 
4 confilerall 8. We took a middle-ſized bladder; and having preſs'd out the air, 
N 4 by till * remain d porter: a _ — rag pn 2 ah "ro 
of « little air, to ſtrongl x in; and, a t | e ; 
d — — * the; e we ſo * a ſtring, 
that it would not be {lip'd off, by a conſiderable V at it. Then 
faſtening the neck to ha turn-key, we convey d bladder, and the 

weight hanging at it, into a large receiver; when, by plying the pum 

the air, within the bladder, being freed from the preſſure of the air with- 
out it, manifeſtly ſwell'd by its own ſpring, and thereby greatly ſhortned 

the bladder that contain'd it, and lifced up the weight, which exceeded 15 


After this, we took a large bladder, and having let out ſo much air, 
that it was left lank, we faſten d the two ends of it to the upper part of 
the receiver, and hung a _— from the middle of the bladder; then 
exhauſting the receiver, as before, tho the bladder, and this new weight, 
which ſtretch'd it, reach'd fo low, that, for a while, we could ſcarce ſee 
whether it hung in the air or no; yet, at length, we perceiv d the bladder 
to ſwell, and concluded it had lifted up its clog about an inch; as was 
confirm'd by the return of the air into the receiver ; upon which, the blad- 
der became more wrinkled than before ; and the weight, amounting to a- 
bout 28 pounds, deſcended. \L bs 1119 373 
Perhaps this experiment may conduce to explain muſcular motion“. 


* Something has, from this hint, been -, learned Dr. Pemberton, after ſhewing the 
offer d, with a very ſpecious and plauſible inſufficiency of all other methods, accounts 
ſhew of reaſon, to account for muſcular .| forit; from that ſubtile medium whereby 
motion; but when thoroughly conſider d, the great Sir / Neevton ſolves various other 
it fails in ſolving the phenomenon, And phenomena of nature. | 
the laſt beſt writer on this ſubject, the | | 


7 


4 


: 
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- 9. A large glaſs bubble, hermetically ſeal'd, being put into the, receiver, ®*kvikrics 
2 * out ſomewhat more — uſual ; tho! T had, amor times, I, bubbles 
obſerved, that ſuch bubbles would not break immediately, upon evacuating broke by the 
the receiver; yet this continued ſo long entire, after we had left — —_ 
ing, that preſuming it had been blown too ſtrong, I began to deſpair of 
ſucceſs in the experiment ; when, about four minutes after the pump had 
been let alone, the bubble ſurpriz d us with breaking ſo violently, by the 
ſpring of the included air, that the fragments of it were daſh'd every way 
againſt the ſides of the receiver, and broke to powder. _— 
ro. We took the braſs-ring, lately mention'd, whereto were fitted ſome . . 
plates of window-glaſs, as covers; and, having carefully faſten d one of 524 kn hy 
them, with cement, to the upper orifice of the ring; and cementing the air «yo» ſolid 
lower orifice to the engine, ſo that the veſſel, compoſed of metal and . 
glaſs, ſerv d for a ſmall receiver, we whelm'd another over it that was large 
and ſtrong; which was alſo faſten'd to the engine, with cement, after the 
uſual manner. By this contrivance, when the pump was ſet on work, the 
| ſmall included receiver muſt have its air withdrawn, while that, in the 
larger, could not get out, but by breaking through the glaſs; ſo that 
the internal air of the ſmall receiver, being evacuated, the glaſs plate, that 
made part of it, muſt lie expoſed to the preſſure of the ambient air, ſhut 
up in the other receiver, without having the former aſſiſtance of the air, 
now withdrawn, to reſiſt the preſſure ; wherefore, at the firſt or ſecond 
exſuction of the air, included in the ſmall receiver, the glaſs plate was, 
by the preſſure of the incumbent air, contain'd in the larger one, broken 
into a hundred pieces, which were beaten inwards into the cavity of the 


ring. | 
Bar to ſhew that there needed not the ſpring of ſo great a quantity of 
included air, to break ſuch. glaſſes, we took another roundiſh one, which, 
tho wide enough at the orifice, to cover the braſs ring, and the new glaſs 
plate, that we had cemented on it, was yet ſo low, that it held but a fixth 
of what the large receiver, formerly employ'd, would contain ; and 
ving whelm'd this veſſel, which was ſhaped like a tumbler, over the lit- 
tle receiver, and well faſten'd it to the engine with cement, we found, 
that tho the external receiver had a great part of its cavity fill'd by that 
included; yet when this internal one was evacuated, by an exſuction or 
two, the ſpring of the little air that remain'd, broke the plate into a mul- 
titude of fragments. 

And becauſe the glaſs plates, hitherto mention'd, ſeem'd not ſo thick, 
but that the preſſure of the included air might give greater inſtances of 
its force; inſtead of the ſmall metalline receivers, before employ d, we took 
a ftrong, ſquare bottle of glaſs, able to contain a pint, inverted it, and 
applied it to the engine, as a receiver ; over which we whelm'd, and ce- 
mented the large one, formerly mention d; and ſetting the pump on work, to 
empty the ſquare bottle, the tigure of the veſſel allow'd —— of the 
air, included in the external receiver, to cruſh it into a great number of 


pieces. 


Vol. l. 244 We, 


* 
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mer; and having applied it to the engine, as before, and cover'd it with 


a receiver, that was a little higher than itſelf ; upon exhauſting the air, 


WR We, alſo, took another glaſs, ofthe thape,and about the bigneſs of the for- 


_ © this was, likewiſe, broken into many fragments, ſome of them very thick: 
tho, probably, the cracks that reach d 


thereto, were in much weak- 
er parts of the glaſs, | began in muck 


The bottoms, and the necks of both theſe ſquare bottles, were entire; 
by which it ſeem'd probable, that the veſſels had been broken, by the 
preſſure of the air againſt the ſides, which were not only thinner than 


the other parts, but expos d a larger ſuperficies to the lateral preſſure 


of the air, than to the perpendicular, We obſexv'd, in one of theſe experi- 


ments, chat the veſſel did not break preſently, upon the laſt exſuction of. 


the included air, but a conſiderable time after. 
Jo confirm that it is the ſpring of the air, in the external receivers, 
that breaks the glaſſes, and to prevent ſome ſcruples, we apply'd a plate 
of glaſs, like thoſe formerly mention'd, to the braſs ring; but, in the ce- 
menting of it on, we placed, in the thickneſs of the cement, a ſmall pipe 
— abom an inch long, whoſe cavity was not fo big as that of a ftraw, 
which, being left open at both ends, might ſerve for a little channel, 
for the air to paſs thro, from the external receiver, to the internal; over 


this we whelm' d a ſmall receiver, and then, tho” we work d the pump 


much longer than would have been neceſſary, if the little pipe not 


been made uſe of, we found the internal receiver continue entire; becauſe 
the air, whoſe ſpring ſhould have broken it, _—_— to paſs thro the 
ce 


pipe, and, uently, to expand itſelf, into d by the 
— pump d out, thereby weaken d its ſpring too much for that pur- 


But, either the pipe muſt be made bigger, than that lately mention d, 
or the exſuction of the air muſt not be ſudden, by the pump; otherwiſe 
the plate of glaſs may be broken, notwithſtanding the pipe: becauſe the air 
contain d in the external receiver, having a force much greater than is ne- 
ceſſary to break ſuch a plate, it may well happen, as I have ſometimes 
tha ins: than if the air be haſtily drawn ont of the internal receiver, 
that which ſhould ſucceed in its room, cannot get faſt enough out of the 
external receiver, thro ſo ſmall a pipe; whilſt the air remaining in the ſame, 
will yet retain a ſpring ſtrong enough to break the glaſs. us, ſome- 
times, when at the flame of a lamp, glaſs-bubbles are blown with lender 
ſtems; if they be ſuddenly remov d out of the flame, they either break, if 
cool d too faſt; or are compreſs'd inwards, if they long retain the ſoftneſs 
given them by fuſion. For the air in the bubble, being exceedingly rari- 
hed, and expanded, whilſt the glaſs is kept in the flame, and coming to 


cool haftily, when remov'd from thence, loſes, upon refrigeration, the 


Jpring which the heat had given it; and fo, if the external air cannot preſs 
in 


enough, thro the too flender pipe, a ſufficient quantity of air will not 
get in to refiſt + the preſſure of the atmoſphere ; and therefore, if this 


preſſure find the bubble yer ſoft, it will preſs it a little inwards, and 
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either flatten it, or make a dent, though the orifice of the pipe be left Putyns 
open. WY NY 
11. We took a braſs pipe, bent like a ſiphon, and fitted at the ,,,., i 


Hion, than the 


bigger end with a ftop-cock, Oc. and to the ſlender end of this, we faſt- high» s 
en d, 


with cement, the wm end of a cylindrical glaſs pipe, about fifty weight of tho 
mo e 1mpers 


inches long, open at both ends, and having the lower plung d into a 
veſſel of — quick-filver, whoſe upper ſuperficies reach d conſidera- 
bly higher than the immers'd orifice of the glaſs tube : then, cauſing the 

pump to be work'd, the air was, by degrees, drawn out of the ſiphon, 
and, conſeqently, out of the glaſs tube that open d into it; and the ſtag- 
nant mercury, proportionably impell'd. up into the glaſs tube, till it had 
attain'd to its due height, which exceeded not thirty inches. And, then, 
tho there remain'd in the upper part of the pipe, above twenty inches un- 
fill'd, with quick-filver, we could not, by further pumping, raiſe it 


her. 

nes it appears, that the fancied power of nature, to prevent a vacu- 
um, has its bounds; and thoſe depending upon the ſpecific gravity of 
the liquor, to be rais'd by ſuction. For, ſubſtituting, inſtead 8 6 - 
nant mercury, a baſon of water; and, inſtead of the many ſtrokes, in vain 
employ d, to raiſe the quick-ſilver above the height juſt mention d, ma- 
king ſcarce one exſuction, which only, in part, emptied the ſiphon ; 
yet the water, upon opening the ſtop-cock, was not only impell'd to the 
very top of the glaſs tube, but continu'd running, for a confi e time, 
thro* the fiphon, and thence fell upon the plate of the engine: ſo that it ap- 
ear'd ſtrange to thoſe, who knew not the reaſon of it, that the water 
uld run very briskly, of its own accord, out of the leg of a ſiphon ; 
which, perhaps, was not above a quarter ſo long as the other. I muſt 
not here omit, that tho, ſometimes, in the Torricellian experiment, I have 
obſerv'd the mercury to ſtand at thirty inches, and, now and then, above 
ir; yet the height of the mercury in our glaſs tube, appear d not to reach 
full ewenty-nine inches, and a quarter. But, conſulting the barometer, 1 
rem the NR at 3 778 and x eighth ; which, pro- 
, won ve been the very height of that, rais e engine, it 
JFC 
Hence we may conclude, that ſuction will elevate liquors in pumps, no 
higher than tlie weight of the atmoſphere is able to raiſe them; ſince, the 
cloſeneſs requiſite in the pump of our engine, makes it very unlikely, 
that a more accurate ſuction can be eſſected by an ordinary pump 
- Tho" the exhauſting ſiphon, uſed in this experiment, may be eaſily con- 

ceiy'd by an attentive inſpeftion of the figure; yet, becauſe I frequent 

— in 8 experiments, tis proper to intimate, once for a 
that though the bended pipe itſelf, may be, on ſome ions, more con- 
veniently made of glaſs, for the ſake of tranſparency; yet, for the moſt 
, we choſe to employ pipes of braſs, becauſe the others axe ſo very 
ubject to break; that tis convenient to make the longer leg of the ſi=: 
phon, a little larger at the * reſt of the pipe uſually needs 
OY Qqqz to 


Fig. 4". 
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to be, that it may the more commodiouſly admit the ſhank of a ſtop-cock, 
at which is to be Ny carefully Grind With cement ; by ſeaſonably — 2 and 
returning whereof, the paſſage between the engine and the veſſel to be ex- 
hauſted, is to be open d and ſhut; and, laſtly, that tho we ſometimes immedi- 
ately apply the braſs ſiphon to the engine by cementing the external ſhank of 
the ſtop- cock to the orifice of the little pipe, thro which, the exſuction of the 
air is made; yet the bended pipe alone, is ſo apt to be looſen d by the motion of 
the engine and the turning ede ſtop- cock, that, for the moſt part, we uſe a 
ſiphon conſiſting of a braſs- pipe, a ſtop- cock, and a glaſs eight or ten inches 
high, and of ſome ſuch ſhape as is expreſſed in the figure ; for, by this means, 
tho the exhauſtion is longer in making, yet it is more ſecurely and uninter- 
edly carried on ; becauſe of the ſtability, which the breadrh of the lower 
orifice of the plaſs gives to the whole inſtrument. Beſides, not only the ſi- 
phon is thus much lengrthen'd, but we may commodiouſly place a gage in 
the glaſs part of this compounded ſiphon, to ſhew, from time to time, hort 
far the air is drawn out of the veſſel to be exhauſted. RS 
Liquors aſcend 132. I caus'd to be made and inſerted to the ſhorter leg of the. aboye- 
dae, tes, mention d ſiphon a ſhort pipe, which branch d itſelf equally to the right 
— hand and to the left; fo that I might exhauſt two glaſs tubes, at the ſame 
— time, and prevent any ſuſpicion, that the engine was not N applied to 
both. This additional braſs pipe, being carefully cemented into the ſiphon, 
to each of its two branches were well faſten d, with the ſame cement, a 
cylindrical glaſs of about forty two inches in length; the lower orifice. of 
one of theſe glaſſes being immers d in a veſſel of ſtagnant mercury, an 
| that of the other in a veſſel of water; when care was taken, that as, the 
| tubes were choſen near of a fize, ſo the ſurfaces of the two different li- 
| quors ſhould be near of a height. This being done, we began to pump 
 warily and ſlowly, till the water in one of the pipes was elevated about forty- 
two inches; and then meaſuring the height of the quick-ſilyer in the other 
pipe above the ſurface of the ſtagnant mercury, we found it to be almoſt 
three inchees; ſo that the water was about fourteen times as high as the 
| .quick-ſilver. And, to proſecute the experiment further, we very 
| Warily let in a little air to the exhauſting ſiphon, and ſaw the two flui 
proportionably deſcend; till turning the ſtop- cock, when the water was 
about fourteen inches high, we thereby kept them from ave 4. any lower, 
before we had meaſur'd the height of the  quick-ſilver, which we 4 
to be about one inen £8, e "og pit EEE 
But, we obſery'd, that the quick-ſilver, for the moſt part, ſeem d to be 
a very little higher, than the proportion of one to fourteen required; and 
© y, I had long before, by particular trials, found, that, tho! 
fourteen and one be the neareſt of ſmall integer numbers, that expreſs the 
— between the ſpecific e of mereury and water; yet the 
ormef is not quite ſo heavy as this proportion ſuppoſes. 
This experi evidently ſhews that the fluids roſe by the weight of 
the air, and leaves no pretence of a Fuga vacui, . It may alſo be made 
pſefal 50 eſtimate the duferett gravities of liquors; tor Which pur - 
W991 üs ei 902 e 419% 3774 e etna mee a | 
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poſe, I equs'd the afore-mention'd glaſs pipes, to have their ends pun 


the one in-freſh water, and the other in ſome impregnated -with a * 
'of ſea-falr} and found, that when the freſh'water was 5 


— about forty- two N the laline ſolution had not wy reach d 66 


fort 
(2: "Ba make the diſpari notes” moreeridemy I NA —— brine, 
—_—_ ſea-ſalr to diſſolve in the'moiſt air: and, having apply d this 
Morn freſh water to the two pipes, and proceeded after the former 
manner; we found, that when the pure water was elevated to near for- 
ty-two inches, the liquor of ſea- ſalt wanted about ſeven inches and one 
fourth of that height ; - and when the water was made to ſubſide to the mid- 
dle of its pipe, the faline liquor in the other pipe was between three and 


four inches lower than that. I alſo took fair water, and a hquor made of 


the ſalt of pot · aſnes ſuffer d to run per deliquium, and proceeding as before, 
found, that when the common water was about forty- two inches high, 
the ſolution wanted of thirty inches; and when the water was made to 


ſubſide to the middle AY the other I berean tn and 


ſeven inches lowers r 
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13. We took a ſtrong ng glaſs bottle, hat would contain abox a pit, and 2228 


_ in the bottom of it — a convenient quantity of mercury, we 


on it a —— quantity of water; and providing two ſlender — S 22 


— open at both ends, we ſo plac d and faſten d them cloſe by cement, 
that the ſhorter, of the pipes had its lower orifice immers d beneatłr the ſur- 
face of the quick: fiber, and the longer reach d not quite ſo low as that 
ſurface; and ſo was immers d but in the water. This done, we convey'd 


the bottle ĩnto a p receiver, and having begun to pump out the air; 


we took notice to what heights the quick-ſilver and water were impell d 
up in their reſpective tubes, on Which, we had before made marks; and 
found, that when the quick-filver was impell'd up to two inches, the water 
was raisid to about twenty- eight; and when the quick-dver ſtood at a- 
bout one inch, the water ſtood rig about fourteen. 


of th 


* 


* 


14. We . into a fitly receiver two glaſs — pes very une. gun bright 


tube was wee 


al in le each of 2 eal'd at one end: — 
ivy — mlb and>inyerted into a ſmall glaſs j 
ent quantity of that fluid had been before Fre wan pipe wastilfd 
with common water; and inverted into a which bkewiſe con 


tam d a fit proportion of the ſame liquor. ben = receiver being cloſely . 


cemented to the engine, the air was pump d out for a pretty while before 
the mercury began to ſubſide; but when it was fo far wittidrawn;> that its 
preſſure could no r up a mercurial cylinder of that height, the 
quick ſilver began to fink water inthe other tube, the tłree times as 
long, 8 irs full height. But when the quick-ſilver was fallen to 

hree and four inchesaboveithe furface of that in the veſſel, rhe 
water alſo began to ſubſide ; bur ſooner than according to the laws of 


2 done bocunſs many axial particles emerging favs 
SHIONR CHEE . it nt 4 At MI Du el the 
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ad it over firſt with cement and then with plaiſter of Paris ; we very 


— 
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ody of the their ſpring con- 
curr d with the gravity of the water to.deprefs this liquor. And ſo when 
the quick-lilver was three inches above the ſtagnant mercury, the water in 
the pipe was fallen ſeveral inches beneath forty-two ; and ſeveral beneath 
twenty-eight, when the mercury had ſubſided an inch lower. But after 
the Eur ir- been ply d, to free the water from the latent zerial bubbles, 
we let in the external air; and having thereby, impelld both the fluids up 
again into their pipes, and remov d the receiver; we took them both out, 
. — them from the air, and fill'd each ion them with a little of — 
| ive ſtagnant liquors ; then inverting them again into their proper | 
We repeated the experiment, and found it to require more pumping than 
before, to make the liquors; begin to ſubſide: fo that when the mercury 
Was fallen to three inches, or two, or one, the water ſubſided fo near to 
the heights, of forty-two, twenty-eight, or fourteen inches, that we ſ 
pos d the little differences which-appear'd between the ſeveral heights of 
quick-ſilver, and fourteen times as great heights of the water, proceeded 
from ſome aerial corpuſcles yet remaining in the water, and, by their ſpring; 
when once they had emerg d, promoting the depreſſion of it. 


ſolder d together, to make one whole tube, about thirty-two feet long; and 
— —— ſtrong pipe 4 gut — —— and — feet in 

| to:the upper part of it; and to the upper end of y means 
af cement and a ſhort elbow of tin, we very cloſely faſten” — pipe 
of the ſame metal, conſiſting of two pieces maki —— whereof 
the upper part was parallel to the horizon; and the , which lay pa- 
rallel to the glaſs pipe, reach d down to the engine that was placed on the Rar 
roof of a houſe thirty feet high fromthe ground, and was to be cemented to 
the lower end of this deſcending part of the pipe, whoſe horizontal leg 
reſted upon 2 piece of wood naiſ᷑ d to the rails on the top of the building: 
the tube, alſo, was kept from ſhaking by a board: faften'd. to the fame 


2 ——ů— — — 3 er 
, 20088; being made, an whole tub. a pole to ſuſtain 
| —— 


the: Wall, faſten d there, and the deſcending pipe 
cemented on to the engine ; there was placed under the bottom of the 
tube a iconvenient veſſel, whereinto ſo much water was pour d, as reach 
far above the oriſice of the pipe; and providing, that the veſſel might 
Fill be kept tently full, we, at length, raisd the water to the 
middle. of ther aides pag but not without numerous bubbles, made by the 
air conceal d in the pores of the water, which, for 3 & kind of 
— — furface of it. And finding the engine, and tube as ſtaimch 
Qs be expected; I fit ta try vαhat was the utmoſt height, ta 
ich, water could be elevated by ſuction: and therefore, tho the pump 
oem d to have been ſuſſiciently piyd already; yet, for further ſatisfaction, 
auen the water mas writhinla few inehes of the top: of the glaſs, IL caus'd 
2wenty exſuctions more to be ſuddenly made. And, having taken notice 


where 


i carefully 
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where the ſurface reſted, we nſeaſured the height of the cylinder of water, 
and found it thirty-three feet, and about fix inches ; the barometer then 
ſtanding at twenty-nine inches, and between two and three eighths of an 
inch. Now, ſuppoling the ſpecific gravity of water, to that of quick-ſilyer, as 
x to 14; The height of the water ought to have been thirty- four feet, and 
about two inches; that is, about eight inches more than we found it. But, 
then, I formerly noted, that the proportion betwixt mercury and water, 
is not altogether ſo great; and, therefore, in ſo tall a cylinder as ours was, 
the difference muſt be conſiderable. If, therefore, inſtead of making an 
inch of 8 equivalent to fourteen inches of water, we abate a 
quarter of an inch; which is but a fifty- ſixth part of the height of the wa- 
ter; this abatement, being repeated twenty-nine times and one ET, 
will amount to ſeven inches, and above a quarter ; which, added to the 
former height of the water, thirty-three feet, ſix inches, will make thirty- 
four feet, and above an inch: ſo that the difference between the height of tha 
mercury, ſuſtain'd by the weight of the atmoſphere in the barometer, and -.. 
that of the water, rais'd, and ſuſtain'd, by the preſſure of the ſame in tho 
long tube, did not appear to differ more than an inch or two, from the 
proportion they ought to have, according to their ſpecific gravity : nor 
could we, by obſtinately plying the pump, raiſe the water higher. 

This experiment, being ſoon repeated, in my abſence, by Dr. Wallis, 
Dr. Wren, and Dr. Millington ; they, preſently after, aſſured me, that the 
reſt height, whereto they could raiſe the water, was thirty-three feet , 

and a half: and, as it happen'd, within leſs than an hour before, I had ob- 
ſerved the barometer to and ſomewhat below twenty-nine inches, and 
three eighths ; when, now, conſulting the ſame inſtrument again, the mer- 
cury appear'd to be riſen a little higher. Hence appears the impoſſibility of 
making water paſs over the higheſt mountains, by the help of inflected 
pipes, and ſuction. For, if the water be to riſe above thirty-five, or 
thirty-ſix feet, a ſucking-pump will not, - ordinarily, here in England, fat- 
fice for that purpoſe. | | | | 
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16. To try whether the air contributes to the elaſticity of bodies, we fe. aa body + 
took a piece of whale-bone, of a convenient length, and, having faſten d lis 2 | 


one end of it into a thick heavy trencher, to be placed on the plate of the 
engine; to the other end we tied a weight, whereby the whale-bone was 
moderately bent, which reached down to a flat body, placed under it, ſo that 
if the ſpring were bur a little weaken'd, the weight muſt either reſt upon, 
or touch the horizontal. plane; or if, on the other ſide, the ſpring ſhould 
grow ſenſibly ſtronger, it might be eaſily perceived, by the 3 of the 
weight, which was ſo near the plane, that a little increaſe of it muſt be 
viſible. "Theſe things we convey'd into the receiver, and took care to 
ſhake the engine A2 as poſſible, that the weight might not hit againſt 
the body which lay under it; or, we be hinder'd from di <a - whether 
it were depreſſed by the bare extraction of the air. And, when the air 
had been well pumped out, I watched attentively, whether any notable 
change, in the diſtance of the weight from the plane, would happen upon 

| uns - 
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is being let in again; for the weight was then at reſt: and the return; 
, Ai in much faſter Ba it could d drawn out, he 
feem d the likelieſt time to diſcover, whether the abſence of the air had, 
fenſibly, alter d the ſpring of the whale-bone. But, tho the experiment 
were made more than once, I could only ſatisfy myſelf, that the be 


fon, or elevation, of the weight, owing to the mere hangs of the ſpring, 
was not very conſiderable; for I do not think myſelf ſure, that 1 per- 
 ceived'any at all: tho, ſometimes, when the receiver was well exhauſted, 
the weight ſeem d to be a little depreſs d; yet this, I thought, might well 
be aſcribed to the abſence of the air, not conſider d as a body that 
had any thing to do directly with the ſpring, but as a body that had 
ſome” x airy 3 whereby it made the medium, wherein the experiment 
Was try d, Contribute to ſupport the weight that bent the ſpring ; which 

weight, when the air was abſent, muſt have its gravity increaſed, by as 

much weight, as a quantity of the exhauſted air, equal to it in bulk, 
3 Fe a Bak A ite . 5 4 I Ah ay NY "Ou 
o met 7. Ihe alt, being inv iſible, it is not always ealy to know, whether i 
E be fü cievtly Pappel vit of the receiver, to be exhaufte 3 We, therefore, 
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bow far the re- DC. 183 rn | 
Li, thought ir very convenient to have ſome inſtrument within the receiver, 
chat might ſerve for a gage, or ſtandard, whereby to judge when it was 
ſufficiently evacuated. Ide firſt attempt, made to this purpoſe, was by 
means of a bladder, very ſtrongly tied at the neck; afrer having had only 
fo much air left in its folds, as might fully diſtend it, when the receive: 
Was very well exhauſted. And this way, in ſome caſes, is uſeful; but, 
in dee a bladder takes up too much of the receiver, and hinders the ob- 

jets from being obſerv d on all ſides. 47 * er eee 1 
Another ſort of gage we made with quick-ſilver, pour d into a very 
ort pipe, which was, afterwards, igverted into a little glaſs of ſtagnant 
quick-filver, as in the Torricellizy experiment. For Fas page being ut a 

in t deſcen n 


becauſe 3 eafily be ſuſpended, and the cory in it is apt to 
mot r was Tubſti 4 in irs place, 
con oy o& a Kind of ſiphon, to the ſhorter leg whereof belong'd a large 
la e. | ug 1 2 91 2 Ft »3 £ 51 4 
5 Bur none of rhefe pages having the conveniences, that ſome of our ex- 
periments require ; I deviſed another, after the following manner. | 
Taxe a cylindrical pipe of glaſs, i, eight, ten, or more inches in length, 
and not fo thick as a gooſe-quill ; and, by the flame of a lamp, melt it 
but not too near the middle, and ma ke it into a fiphon ; the legs whereof 
are to be parallel, and as near to each other, as poſſible. In one of theſe 
legs, uſually the longer, leave at the top, either half an inch, or a whole 
inch, more or leſs, according to the length of the gage, or the deſign of the 
experimenter, of air in its natural ftate; and fill the reſt of oe Jong 
X 4% #1454 g I * 150 117. Nine : * eg, 
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—_— This done, there may be marks placed on the outfide of 
the longer, or ſeal'd leg, whereby to meaſure the expanſion of the air 
included therein. 

This inſtrument, being convey'd into a receiver, and the air very dili- 
gently pumped out, notice muſt be taken, to what part of the gage the 
mercury is depreſſed, that we may know, when the mercury ſhall, after- 
wards, be driven ſo far, that the receiver, wherein the gage is placed, is 
well exhauſted. And if it be deſired to know, more accurately, what ſta- 
tions of the mercury, in the gage, are anſwerable to the degrees of the 
rarifaction of the air in the receiver; this may be gain'd, by letting in 
water, as often as is neceſſary, into a receiver, whoſe entire capacity is 
firſt meaſured ; and in which there might be marks made, to ſhew when 
the water to be let in, ſhall have filłd a fourth, a half, Cc. of the cavity. 
For if, when the quick-ſilver in the gage, is depreſſed to a certain mark, 
you let in water, which appears to fill a fourth part of the receiver; you 
may conclude, that about one fourth of the air was pumped out; or that 
a fourth of the ſpring of the whole included air was loſt. And if the water 
either falls conſiderably ſhort of, or exceeds the quantity expected; you 
may, the next time, let in the water, either after the mercury has a little 
paſs d the former mark, or a little before it is arrived at it. And when 
once you have, this way, obtain'd one long, and accurate gage, you may di- 
vide others by the help of this, placed with them in a ſmall receiver: when, 
the mercury in the former, being depreſſed to any determinate diviſion, 
obtain'd by obſervation; you may, thence, conclude, how much the air, 
in the receiver, is rarify'd ; and, conſequently, by taking notice of the 
place where the mercury reſts in the other gages, determine what degree of 
exhauſtion, in a receiver, is denoted by that ſtation of the mercury. 

That leg of the gage which includes the air, may be ſeal'd up, either be- 
fore the pipe is bent into a ſiphon; or, which is much better, by firſt draw- 
ing odt that end of it you deſign ſhall be ſeal'd, to a ſhort, and very ſlender 
thread: then, having made the tube into a ſiphon, pour into the leg, 
which is to remain open, as much quick-ſilver as you judge convenient, 
which will riſe to an equal height in the other leg; and, by gently inclining _ 
the ſiphon,. you may pour the ſuperfluous mer out of it, if there be 
any; and when there is an inch, or the proper ſpace, unfill'd with mer- 
cury, next the end that is to be cloſed; and the reſt of that leg, and as 
much of the other as is neceſſary, fil'd with quick-ſilver; you may, by 
keeping the ſiphon in the ſame poſture, and warily applying the lender 
apex, above-mention'd, to the upper part of the flame of a lamp, blown 
horizontal, conveniently ſeal it up. _ | wrt 

Bur there are ſome experiments, wherein it is not neceſſary that the re- 
ceiver ſhould be fully exhauſted ; bur, rather, that the degrees of the air's 
rarifaction ſhould be well meaſured. And, in many caſes, we may uſe 

ſhaped like thoſe hitherto deſcribed, made as long as the receiver 
—_— and furniſh'd, inſtead - quick-ſilyer, either with tinged you | 
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leg, and as great a part of the ſhorter as ſhall be thought proper, with Pzzvuarice. 
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Puri, of wine; or elſe the tincture of red roſe- leaves, drawn with common 
vater, and heighten'd with a little ſpirit of vitriol. For the 1 of theſe 
liquors, in compariſon of 22 will allow the expanſions of the air, 
included in the gage, to be very manifeſt ; tho", perhaps, a quarter of 
the air be not pumped out of the receiver. | i] 

We may, alſo, in ſuch caſes, and where the receiver is ſufficiently large, 
and not to be quite exhauſted, make uſe of a mercurial gage, differing 
from the former in this, that the ſhorter leg need not be above an inch, or 
half an inch long, before it widens into a bubble, about half an inch, or 
an inch in diameter; and having, at the upper part, a very ſhort and 
ſlender 4 pipe, whereat the air may get in and out: and here we need 
not include ſo much air as, otherwiſe, would be requiſite, at the top of the 
longer leg; becauſe the mercury, in the ſhorter, cannot, by reaſon of the 
breadth of the bubble, into which the expanſion of the air drives it, be 
conſiderably raiſed ; whereby the degrees of the included air's rarifaction 
become very viſible. 

te 18. I cauſed a hollow ſtrong piece of braſs to be made, two or three 
2 inches high, ening, at both > ty in orifices circular and parallel, but 
not equal; which, being cemented, as a ſmall receiver, to the engine; 
whoever doubted the preſſure of the air to be conſiderable, needed only lay 
the palm of his hand upon the upper orifice, and preſs it cloſe thereto : 
for, upon withdrawing, by a ſingle ftroke, the greateſt part of the preſ- 
ſure of the internal air, that, before, counter-balanced the external; the 
hand, being left alone, to ſupport the woe of the atmoſphere, would be 
preſs d inwards very forcibly ; eſpecially, if, by a ſecond ſtroke of the pump, 
the little receiver were farther exhauſted : and this preſſure continues, till 
the air be re- admitted into the receiver. If a more ſenſible conviction be 
deſir d, tis * give it, by turning the larger orifice uppermoſt, and 


e 96 ore ; but this ought not much to exceed two inches and 
à half in diameter, left the great weight of the air ſhould break, or con- 
fiderably hurt the hand : as I once much endanger'd my own, thro' miſtake 
of the pumper, who fell to his work, while I held it upon the orifice of a 
veſlel too large in diameter. 
A ſubſ 19. A barometer being included in a receiver, made of a long bolt- 
dingin the 2 head, with the lower part of the ball cut circularly off; upon the firſt ex- 
2 level with the ſuction of the air, the quick-ſilver, that before ſtood at twenty-nine,inches, 
— would fall, and reſt, at nine or ten inches; and, in about three ſtrokes 
more, it would be brought quite down to the level of the ſtagnant quick- 
filver, and ſomewhat below : but the air, being let into the receiver, the 
mercury would be impell'd up flow, or faſt, as we pleas'd, to the former 
height of twenty-nine inches. 

I the air were ſuffer'd to go haſtily out of the receiver, the mercury 
would, at the very firſt ſtroke, deſcend, till it reach'd within an inch or 
two of that in the veſſel ; tho it would, preſently after a 3 fal- 
lings, — at the height of nine, or ten inches, till the next ſtroke brought it 
down er. | 'Y ii 
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And if, when the mercury was re-impell'd up to its due height, inſtead LS, 


of rarifying the air, it were a little compreſs'd ; the quick-filver would be 
eaſily 1 to riſe an inch, or more, above the former ſtandard of twenty- 
nine inches. 

We, alſo, took a glaſs- tube, ſeal'd at one end, much ſhorter than the 
due length, and having fill'd it with mercury, and inverted it into a veſſel 
of ſtagnant mercury, we placed all in the former receiver; where the 
mercurial cylinder, for want of the requiſite height, remain'd totally ſuſ- 
pended 3 but, upon the firſt, or ſecond ſtroke, ſubſided, and, after two or 
three more, fell to a level with the ſtagnant mercury, or a little below it: 
and, upon the letting in the air, it would be again impell'd to the very 
top of the tube, bating an aerial bubble, which ſeem'd to come from the 
mercury itſelf ; and was ſo little, as not to be at all diſcernible, but to a 


very atrentive eye. 


20. Into a very large glaſs- tube, hermetically ſeal'd at one end, and Ts ſmall rs 
about two feet and a half in length, we pour'd quick-filver, to the height . Tee 
of three or four fingers ; then we took two cylindrical pipes, of — un- vacui can be pre» 

ends 0 


equal bores, and open at both ends, and plung'd the lower 
into the quick-ſilyer ; faſtening them to the former tube, that they might rai 


both , the 


not be mov d out of their poſture ; in which the convex ſurface of the mer-27 ;* ** 


cury, in both, ſeem'd almoſt to lie in a level; the tube, alſo, being placed, 
perpendicularly, in a frame: then, by the help of a funnel, we ad wa- 
ter, by degrees, in at the top of the tube; and obſerv d, that, as the 
water gravitated, more and more, upon the ſtagnant mercury; ſo the in- 
cluded mercury roſe equally, in both the pipes; till the tube, being almoſt 
fill'd with water, the mercury appear d to be impell'd, and ſuſtain d in 
both, at the height of about two inches above the ſurface of the ſtagnant 
quick-ſilver. And, having caus'd about half the water, in the large tube, 
to be ſuck d out at the top; we obſery'd the quick- ſilver, in both the 
others, to ſubſide uniformly, and to re- aſcend alike upon the re-affuſion of 
the water. | | 
We, alſo, took a very wide tube of glaſs, a foot long, and pour d into 
it a convenient quantity of quick-ſilver; then we took two pipes, of an 
equal length, but unequal bores, as before; and theſe, being fill d with 
quick: ſilver, as in the Torricellian experiment, were let down into the 
tube, and unſtopp'd, under the ſurface of the ſtagnant mercury: when, 
that in the pipes, falling to its wonted ſtation, and reſting there, we pour'd 
into the tube about a foot height of water, whereby the quick- ſilver ap- 
pear d equally impell'd above its ſtation, and ſuſtain'd there, in both the 
pipes; and, upon withdrawing ſome of the water, it began to ſubſide 
alike, as to ſenſe, in both : and water, being a ſecond time pour'd down 
into the tube, the mercury, in both pipes, roſe uniformly, as before. By 
which, and the former experiment, it appears, that a gravitating liquor, 
as air, or water, may impel, or ſuſtain mercury, at the ſame height, in 
tubes of gd Pw ome capacities; and that liquors balance each other, ac- 
cording to their altitude, and not 1 according to their weight. For, 
rr 2 | m 
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Paxvxariorn the laſt experiment, the additional cylinder of one inch of mercury, 
2 ” was, manifeſtly rais'd, and kept up by the water incumbent on the ſtagnant 
mercury. And the ſame parcel of water counterpois d, in the different 
pipes, two mercurial cylinders, which, though of the ſame altitude, were 
very N in weight. A p 
| 21. Amalgamating mercury with a convenient proportion of pure tin, 
— that the — might not be too thick, we therewith fil a cylindrical 
—— ou. pipe, ſeal'd at one end, and of a fit length; and then inverted it into a lit- 
gewated with tle glaſs, furniſh'd with the like mixture. The event was, that the amal- 
ige. gam did not fall down to twenty-nine, but ſtop'd at 31 inches, above the 
urface of the ſtagnant parcel. Hence, it appears, that the height of the 
liquor, ſuſpended in the Torricellian tube, 5 ſo much upon its equi- 
librium, with the external air, that it may be varied as well by a change 
of gravity in the ſuſpending liquor, as we formerly ſaw it might by an 
alteration in the atmoſphere. ö 
It might be worth while to try, by comparing the height of the amal- 
gam to what it ought to be by the ſpecific gravities of the mercury, and 
the tin mix d in a known proportion, whether theſe metals penetrate each 
other, in the ſame manner as copper and tin have been obſery'd to do; 
when being melted down together, they make a more cloſe and ponderous 
body than their reſpective weights ſeem'd to require. | 
To make forts» 23 We took a hollow cylinder of glaſs, ſeal'd at one end, and four 
ble bareweters, Or five feet in length; and, by the flame of a lamp, bent it after the manner 
of a ſiphon, one of the legs whereof is three or four times longer than the 
Kg. 49, other; whence. the ſhorter. leg may ſerve, . inſtead of the veſſel, N | 
Þ employ'd to contain the ſtagnant N To fill this, take a ſmall 
funnel, with a long and flender ſhank, ſo that it may reach three or four 
inches, or farther, into the ſhorter leg of the barometer; and, by the 
funnel, pour into the ſhorter leg, as much mercury as may reach about 
two. or three inches, in both legs; t hen ſtopping the orifice with your 
finger, and ſlowly inclining the tube, the mercury, in the longer leg, will 
fall to the ſeal'd end, and the air that was there before, paſs by, and give 
it room. The mercury, in the ſhorter leg, which ought to be held _ 
moſt, will, by the ſame inclination of the tube, fall towards the oritice ; 
but being, by the finger, kept from falling out, if you ſlowly ere& the 
laſs again, and then ſtop it, as before, the mercury will paſs out of the 
rter leg into the longer, and join with that which was there before: 
and if all the mercury do not FA paſs, the orifice is to be ſtop'd again 
with the Anger, and the tube inclin'd as formerly. 'This done, the tube 
is to be ed, and, by the help of the funnel, more mercury is to be 


pour in; and the ſame proceſs of topping the orifice, inclining the tube, 
c. is to be repeated, till all the mercury, pour'd into the ſhorter leg, be 
orougnt to join with that in the longer ; and then the open leg is to be 
futniſhd with freſh mercury; obſerving that the nearer the longer leg 
comes to being. fill'd, the leſs you muſt raiſe it, from time to time, when 
you pour mercury into the ſhorter 3 as alſo, that when the longer leg is 

| * i quite 
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exceed a yard; becauſe, upon erecting the tube, there will ſubſide, from 
the taller leg into the other, a conſiderable quantity of mercury. And to free 
it from bubbles, you muſt, once more, ſtop the orifice with the finger,” and 
incline, and re- erect the tube ſeveral times, till you have thereby brought 
moſt of the ſmaller bubbles into a ſingle large one; then making this paſs 
leiſurely, two or three times, from one end of the tube, to the other, it will 
unite all the ſmall bubbles to itſelf : and this may, afterwards, by one incli- 
nation more of the tube, be made to paſs into the ſhorter leg, and thence 
into the free air. | | | 

But there is another ſort of funnels, with which, if skilfully uſed, the 
bended tubes of our portable barometers, may be very expeditiouſly fill'd. 
For, if the lender part of the funnel be bent in an obtuſe angle, and fo 
long, that the part which is to go into the ſhorter leg of the ſiphon, may 
reach to its flexure ; you may, by holding the tube fo, that the ſealed end be 
ſomewhat lower than the other, and by pouring in mercury at this obtuſe end 
of the angular funnel, eaſily make it run over the flexure, into the longer 
leg of the ſiphon ; provided you, now and then, as occaſion requires, erect, 
and ſhake the tube, to help the mercury to get by the air, and expel it. 

We accompliſh'd another part of our deſign, by means of a piece of wood, 
ſomewhat longer than the tube, and conſiderably broader in the lower part, 
than in the upper, to receive the ſhorter leg of the ſiphon. In ſuch a piece 
of wood, which was about an inch thick, we caus'd ſuch a channel to be 
made, that our ſiphon might be placed in it ſo deep, that a flat piece of 
wood might be laid on it, without touching the glaſs ; ſo that this piece of 
wood may ſerve for a cover to defend the glaſs, to be put on when the in- 
ſtrument is to be tranſported ; and taken off again, when tis to be hung 
up for obſervation ; the channel'd piece of wood ſerving both for part of a 
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quite full of mercury, * need not pour in any more., if the longer much e. 
e a 
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caſe, and for an entire frame; which may, for ſome uſes, be a little more 


commcdious, if the cover be join'd to the reſt of the frame, by two or three 
little hinges, and a haſp, whereby the caſe may be readily open'd and 
ſhut, at pleaſure. | 

The third thing we propoſed, is not ſo eaſy as the ſecond ; nor have we yet 
had opportunity to try whether the way we made uſe of, will hold, if the 
barometer be tranſported into very remote parts; tho', by ſmaller re- 
moves, we found reaſon to hope *twill ſucceed in greater. 

The grand difficulty was, to prevent the ſpilling of the mercury; for, 
the upper part of the tube being deſtitute of air, if the quick-ſilver, by the 
motion of the inſtrument, be made to vibrate, it will hit ſo violently a-- 
gainſt the top of the glaſs, as to break it. To obviate this inconvenience, . 
we incline the tube, till the mercury be impell'd to the very top of it ; when- 

et there will remain a competent quantity in the ſhorter leg of the glaſs, 
if that be not too ſhort ; then the remaining part of the ſhorter leg, is to 
be fill'd up either with water, or mercury, and the orifice of it very care- 
fully ftop'd with cement: by this means, the mercury in the longer leg, ha- 


When 


vigg 'no room to play, cannot ſtrike with violence againſt the top of the 
gl 
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Pravacaric%. When the inftrument is to be tranſported, the height of the mercurial 
* cylinder being taken for that place, day, and hour, and compared with 
that of another good barometer, which is to continue in the ſame place; as 
much of the channel, as is unpoſſeſs d by the glaſs, may be ftufted with 
cotton, or the like; and ſome of the ſame matter may be put between the 
reſt of the frame, and the cover, which ought to be well bound together. 
3 And when the inſtrument is arrived at the place deſign d, the water, that 
is added, may be taken off again, by pieces of ſpunge, linen, c. but, if 
inſtead of water, mercury be 1 it ought to be taken out, till you 
have juſt the weight that was put in. The chief uſe of this barometer 
is, by keeping a diary of the heights of the mercury herein, and compa- 
2 ring them with thoſe in the barometer, that was not remov'd, to diſcover 
the agreement, or difference of the weight of the atmoſphere, in diſtant 
places. The ftrufture of this inftrument, alſo, fits it to be ſecurely let 
down into wells, or mines; to be drawn up to the top of towers, and o- 
ther elevated places; and, perhaps, by a convenient addition, ſuch baro- 

meters may ſhew very minute alterations of the atmoſphere's preſſure. 
{Whether this barometer, furniſh'd, at its upper end, with a ball and ſoc- 
ket, and at the lower, with a great weight, may be ſerviceable at ſea, not- 
withſtanding the rolling of a ſhip, I have not try'd ; but it may, at leaft, 
be apply'd in flat calms, to ſhew the weight of the . in diffe- 
rent climates, upon the ſea; which may, perhaps, prove uſeful to naviga- 
tors, by enabling them to foretel the end of the calm. Beſides, having one 
; of theſe inftruments ready, whenever they come on ſhore, they can 4 
take notice of the gravity of the atmoſphere, in that place; and this, per- 
haps, compared with other obſervations, may, in time, help them to gueſs 

where they are, and to foreſee ſome —— changes of weather. 


n . T0 , whom I employ d, found the mercury, in a portable 
dane, will ba N a little, as they aſcended a hill; at the top whereof 280 
let the fluid ſettle, and carefully noted the place whereat it reſted, whi 


ue thay : WAS one of an inch beneath its former ſtation; tho the hill was not 
* of «bill high, and the air and wind ſeem'd, to them, much colder at the top, than 
below. And as they deſcended, they obſerved that the mercury roſe 


. 24. Take the bent tube, mention d in the twenty-ſecond experiment, and 
2 2 inclining it, till the greateſt part of the mercury paſs from the ſhorter leg 
i the into the longer, the upper-end of the ſhorter leg, may, by the flame of 
the" à lamp, be drawn out fo ſlender, that its orifice ſhall not be above an 
eighth, or tenth part as big as 'twas before. This being done, and the 
tube erected again, if the tall cylinder of pony be of the uſual, or for- 
mer height, as we found it, twill appear that the weight of the external 
a» Ae air may preſs as much upon the 2 mercury, thro a little hole, 
as when all the upper ſuperficies of mercury, was directly expoſed 
he [pri to It. | | "I 
25. If, inſtead of drawing the ſhorter leg of our ſiphon directly upwards, 
or parallel to the longer, as in the foregoing experiment, you bend off the 7 2 
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der part 
longer leg of the ſiphon, or an acute one, tending downwards; and when 
the tube is erected, the mercury reſts at its uſual ſtation; twill appear, 
that the preſſure of the atmoſphere, may be exercis d upon it as well ob- 
liquely, when the pipe that conveys it, is either horizontal, or opens down= 


» To that, were it continued, it would make a right angle with the Nn ee 


5 
d, if inftead of bending this lender pipe, you ſeal it up hermetically, Fig. 37. 


the continuance of the mercurial cylinder, at the ſame height, will ſhew, 
that the ſpring of a very little air, ſhut up with the preſſure of the atmo- 
{ſphere upon it, is able to ſupport as tall a cylinder of mercury, as the 
weight of that part of the atmoſphere, which can come to exerciſe its 
preſlure againſt the mercury. | 

If, when the ſhorter leg of the barometer is ſealed, you move the in- 
ſtrument up and down, the mercury will vibrate, by reaſon of the yielding 
ſpring of the impriſon d air; but, becauſe of the reſi of the ſpring, the 
motion will be diverſified after an odd manner ; which may be eaſily per- 
ceiv'd by the impreſſion it makes upon the hand, but not ſo eaſily de- 
ſcribed, And as, when the ſhorter leg is drawn out ſlender enough, 
after the inſtrument is furniſh'd with quick-filver, tis eaſy to ſeal it up 
with the flame of a candle, without the help of any inſtrument at all; I 
might here obſerve, that it may, on ſome occaſions, be convenient to ſeal 

the barometer, before it be tranſported ; and, in ſome caſes, to in- 
ns the tube before-hand, till the quick- ſilver have quite filld the longer 
leg: for by this means, the vibrations of the quick-filver will be leſs; and 
tis eaſy, when the inſtrument is brought to the deſign'd place, to break 
off the {lender apex of the ſhorter leg, and ſo expoſe, again, the mercury 
to the preſſure of the atmoſphere. | 

Having caus'd a 2 — to be made, with the ſhorter leg 
of a more than ordinary length; I afterwards, cauſed the upper part of this 
leg to be drawn out very ſlender; and laſtly, the ſame to be, about the 
middle, bent downwards, ſo that the ſmall orifice of the ſlender apex, 
pointed towards the ground; when neither I, nor ſome others, took notice 
that the mercury ſtood lower than in ordinary barometers : whence we 
concluded, that the atmoſphere could preſs, not only at a very ſmall ori- 
fice, but, when the air muſt, at this little orifice, tend upwards, to preſs - 
pon the ſurface of the ſtagnant mercury. | 


26. When it appear d, by a good barometer, that the atmoſphere was T5 make . 
conſiderably heavy, I caus'd a glaſs pipe, — — ſealed at one end, u oft. 


and in length about two feet and à half, to be fill 
except a very little part, wherein ſome drops of water were put, that we 
might the better diſcern the bubbles, if any ſhould be left, after the in- 
verſion of the tube into an open glaſs, containing ſtagnant mercury. Ha- 
ving, by this means, freed the tube from bubbles, we ſo order d the mat- 
ter, that the quick · ſilver, and the little water about it, exactly fill'd the 
tube, without leaving any viſible interval at the top; and yet the mercu- 
rial cylinder was but very little higher than that n 


with quick-filyer ; times. 
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that time. Then the pipe was left erected in a quiet place, where the 
2 liquors retain d their former height for ſeveral days. A ſchool-philoſo- 
pher would confidently have attributed this ſuſtentation of ſo heavy a bo- 
y, to nature's dread of a vacuum; but either ſhe is not always equall 
ſubject to that fear, or ſome other cauſe of the phenomenon muſt be aſ- 
ſign d: for, when, long after, I had obſerv d, by the barometer, that the 
atmoſphere was grown much Fer than before, I found the quic k-ſilver, 
in the ſhort tube, conſiderably ſubſided; leaving a cavity at the top, which 
afterwards grew leſs, as the atmoſphere became heavier. 
The aſcent of 27. Some ſpirit of wine, ting d with cochineal, being put into the re- 
jquers is very CEIVET,/ and the air withdrawn, it bubbled exceedingly for a conſiderable 
takes time. Then, little hollow pipes, of different ſizes, were put into it, when the 
red liquor aſcended higher in the more ſlender, than in the others; but 
upon extracting the air, there ſcarce appear d any ſenſible difference in 
the heights of the liquor, nor upon the letting it in again. : 
_- Afterwards, two ſuch tubes, of difterent fizes, being faften'd together 
with cement, were let down into the ſame ſpirit of wine, when the recei- 
ver was well exhauſted : notwithſtanding which, the liquor aſcended in 
them, for ought we could plainly ſee, after the ordinary manner; only 
when the air was let in again, there ſeem'd to be ſome little riſing, at 
leaſt in one of the tubes. | "4200 
In this experiment; tho there appear d no bubbles at all in the ſpirit of 
wine in the veſſel, yet, for a conſiderable time, chere aroſe bubbles in 
that part of the liquor which was got into the ſlender pipes. 
4 28. I took. a- ſtrait. pipe of glaſs, open at bonds. and of a mode- 
i rate bore ; and having tied a linen rag to one end of ir, that the water 
— CG might have free paſlage in, and the powder not be able to fall out, we 
d. fill'd the cavity. wich minium ; and then having erected the tube, 
ſo that the bottom of it 8 that of a ſhallow, open- mouth d glaſs, 
containing water 2 uſe an inch or two above the bottom of the 
tube, it inſinuated itſelf, by into the cavity thereof, as appear d 
by a little change of colour in that part of the minium which it reach'd ; till 
the $ being, from time to time, ſupplied with freſh liquor, it at- 
— pom e height of about thirty inches. | baby 
Taking, afterwards, another tube, and ſome minium, carefully prepa- 
red, I proſecuted the experiment, ſo as to make the water riſe in the pipe 
about inches above the ſurface of the ſtagnant water. NOI 
Box ya experiment with beaten glaſs, pieces of ſpunge, putty, &c. 
II did not find any of them ſucceed ſo well as the minium. Ti 1 
as ink, tincture of ſaffron, Oc. ſeem d not to riſe near ſo high as water; 
as if the diſſolved ingredients gradually choaked the pores of the mi- 
num. | - ” ” —_ 
Io haye the grains of our powder more minute, and the intervals be- 
tween them ſmaller, I choſe the beſt ſort of minium, ſifted it very fine, 
and ſo put it, by little and little, into the tube; that by ramming it, from 
time ta time, it might be made to lie the cloſer ; and this method ſuc- 
Jan: | ceeded 
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ceeded well. It ſeem'd, by a trial or two, that if the tube were very Prevnarieu 
dender, the experiment would not ſucceed. N 
It may be worth while to obſerve, in what times the water aſcends 
to certain heights ; for, at the beginning, twill aſcend much fafter than 
afterwards, and ſometimes continue riſing for thirty hours, or longer. 
One end, propoſed in this experiment, is, to diſcover a miſtake in the mo- 
dern explication of filtration; which ſuppoſes, that the parts of the filtre, 
which touch the water, being ſwell'd, by the ingreſs of it into their pores, 
are thereby made to lift up the water, till it touch the higher parts of 
the filtre ; by which means, theſe being alſo wetted and ſwell'd, raiſe the 
water to the other neighbouring parts of the filtre, till it have reach'd: to 
the top of it, whence its own gravity makes it deſcend : but, in our caſe, 
we have a filtre made of ſolid, metalline corpuſcles ; where twill be very 
hard to ſhe w, that any ſuch intumeſcence is produced, as this explanation 


uires. | 
"Ware aſcends ſo few inches, even in very ſlender pipes, that the - riſe 
of the ſap in trees, ſeems hardly accountable for, from the ſame cauſe. 
In the laſt trial; above-mention'd, I made water to aſcend above three 
feet and a half: and, if by ſo light an expedient, water may be rais'd as 
high as is neceſſary for the nutrition of ſome thouſands of plants ; for ſuch 
a number there is, that exceed not three feet and a half, in height; I ask 
why nature may not have uſed other contrivances, to make liquors aſcend 
to / & tops of the talleſt trees; eſpecially, ſince beſides heat, an — 
equivalent to valves, Oc. many other things, perhaps not yet dreamt of, 
may probably concur to the ? 
As formerly, by bending theſe lender pipes, we made ſhort ſiphons, 
thro* which the water would run, without being at firſt aſſiſted by ſuction ; 
ſo I tryd whether I could, in larger pipes, make much longer ſiphons, 
by the help of minium. But tho, when the orifices pointed upwards, fine 
minium were ramm d idle both the legs, and both the orifices cloſed, yet, 
when they came to be again turn d downwards, the weight of the minium 
would make ſome ſuch diſcontinuation, as to hinder the farther progreſs 
of the water. This impediment, however, I judgd ſuperable, but had no 
opportunity to proſecute the experiment. 5% | dan ; JHA 
29. Having in ſhallow, wide-mouth'd s, expoſed a ſtrong ſolution - = yoo 
of common ſea- ſalt, or of vitriol, to the air, which :reach'd not, by ſome long the fides | 
inches, to the tops of the veſſels ; and, having ſuffer'd much of the aqueous 7 &'%* 
art to exhale very {lowly ; the coagulated at length, appear'd to have 
ined the inſide of the glaſſes, and to have aſcended much higher than where 
the ſurface of the remaining water then reſted; or the part whereto the 
liquor reach'd, when 'twas firſt pour'd in. And if the experiment were 
continued long enough, I ſometimes obſery'd this aſcent of the ſalt, to be 
of ſome inches; and that the ſalt did not only line the inſide of the glaſs, 
but getting over the brim of it, cover'd the outſide, alſo, with a ali 
cruſtʒ ſo that, conſidering what a little liquor remain d in the glaſs, 'twas ſur- 
prizing how it could poſſibly get "IT 7 ſalts, beſides theſe 
men- 


V or. II. * 


— 


Nr mention'd, will exhibit the ſame phenomenon. 'T he cauſe of this 
OY V et may be referr d to that of the-aſcent of liquors in pipes. odd 


I ohſerv'd in water, and aqueous liquors, that part of the. ſurface 
nent the ſides of the glaſs, to be ſenſibly more elevated, than the reſt of 
the ſuperſioies: and if very minute clippings of ſtraw, or other ſmall an 
light bodies, floating upon the water, approach near enough to the ſides 
the glaſs, they will be apt to run up, as twere, this aſcent of water, and 
reſt againft the ſides of the glaſs. 4 

We may, alſo, obſerve, that ſea - ſalt wneſly coagulates at the top. of 
the water, in ſmall and oblong: corpuſcles; ſo that, as to theſe, tis 75 
e 


to conceive, how numbers of them may faſten themſelves a - round the i 


of the And beſides ſea-ſalt, I have found ſeveral others, which, if 
their folutions be flowly evaporated, will, whilft yet there remains a large 
N af liquor, afford ſaline concretions at the top of the water. 
And the faſtening of ſaline particles to the ſides of the glaſs, may, perhaps, 
be promoted by a coldneſs, communicated by corpuſcles contiguous to the 

aſs; becauſe the glaſs may be ſuppoſed more cold, upon account of 


its denſity, than water: but by the evaporation of the nom parts of 


the ſolution,” the ſurface of the remaining liquor muſt neceſſarily ſubſide ; 
and thoſe ſaline particles that were contiguous to the inſide of the glaſs, and 
the more elevated part of the water, having no longer liquor en to 
—— diſſolv d, will be apt to adhere to the ſides of the glaſs; and up- 
on che leaſt farther evaporation of the water, become a little higher than 
the greater part of the ſuperſicies of that liquor: whence, by reafon of the 
little inequalities, that will be on the internal | ſurface of the adhering 

uſcles of the ſalt ; and perhaps, alſo, on the internal ſuperficies of the 
glaſs; there will be intercepted the ſalt and the glaſs, little ca- 
vities, into which the water, contiguous to the bottom, will aſcend, or be 
Inpell'd by the ſame power that raiſes it in flender pipes. And when 
the liquor is thus got to the top of the ſalt, and lies expoſed to the air; 
the ſaline part may, by the evaporation of the aqueous, be brought to co- 


agulate there ; and conſequently, to increaſe the height of the ſaline film, 


Which, by the like means, may, at length, reach to the very top of the 


6 glaſs ; and thence it may eaſily be brought over to the outſide of the veſ- 


where the natural weight of the ſolution will facilitate its progreſs 


on downwards: whence the pellicle of ſalt, together with the contiguous ſurface 
© ef the glaſs, may; at conſtitute a kind of ſiphon. | 


Thus I have uſually obſerved the ſaline film to be eaſily ſeparable 
From the glaſs in large flakes; which argues, that they did not ſtick cloſe 
to one another, except in a few places; but had a thin cavity interpoſed be- 
tween them, thro” which the water might aſcend. ain 

Nor is it repugnant to this explanation, that in caſe the water aſcended, 
it ſhould diſſolve the ſalt; for the liquor being already upon the point 
of concretion, it is ſo ſaturated with ſalt, that it can diſſolve no more. 
Whenee we may alſo ſee, why, when the ſaline film reaches to the outſide 
"of che glas, tlie liquor does not run down to the bottom, but WA 
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by the way. And J have ſuſpected, that when the concretion is once be- r, 
x the film may be raiſed, and propagated, not only by the motion of N 


the liquor between the inſide of that and the glaſs; but by the fame liquor 
inſinuating itſelf on the outſide of the film, into the ſmall interſtices of the 
ſaline corpuſcles ; as ink riſes into the lit, and along the ſides of the nib of 
a pen, though nothing but the very point touch the ſurface of the liquor. 
And, by this means, the impregnated ſolution may, as it were, climb up to 
the top of the faline concretion, and, by coagulating there, add to its height 

30. Having caus'd a cylindrical piece of braſs to be very carefully turn'd, 
of an inch in diameter, three inches in length, and open at both ends; to 


' Toeftimate the 
aaa, ofthe 


one of theſe ends we exactly fitted a flat Bottom of the ſame metal, and {Pri 


faſten'd it very clofe with little ſcrews on the outſide. 

This inftrument, being balanc'd in an exact Far of ſcales, was care- 
fully fill'd with pure mercury, which we found to weigh one hundred 
thirty-ſeven drams, and forty-five grains; and multiplying that by ten, there 
will ariſe, for the weight of a mercurial cylinder of one inch in diameter, 


and thirty inches in height, about fourteen pound, two ounces, and three 


drams, troy. 


The weight of a mercurial cylinder in an equilibrium with the atmo- 


ſphere, and of an inch in diameter, being thus ſettled, we may eaſily compute 
the weight of a cylinder of quick-filver of another diameter, and conſe- 

uently the force of the preſſure of an atmoſpherical column of the ſame 
daweter. For, ſince cylinders of equal heights are to one another, as 
their baſes; and the baſes of cylinders to each other as the ſquares 
of their diameters ; and laſtly, fince we here ſuppoſe mercury a homoge- 
neous body; the mercurial cylinders will be to each other in weight, as they 


are in bulk: if then, for inſtance, we would know the weight of a cylin- 


der thirty inches high, whoſe diameter is two inches, the rule is this: as 
the ſquare of the diameter of the ſtandard cylinder, whoſe weight is 
known, to the ſquare of the diameter of the cylinder propos d; ſo is the 
bulk of the former to the bulk of the latter, and the weight of that to the 
weight of this. Thus the ſquare of one inch, the diameter of the ſtandard 
cylinder, being one, and the ſquare of two, the diameter of the cylinder gi- 
ven, being four; the bulk or ſolid content of this latter cylinder, and conſe- 

wor its weight, will be four times as great as thoſe of the ſtandard cy- 
linder. Art: 


31. We took a ſmall vigorous load-ſtone cap'd and fitted with 1 looſe Th attraFive 


virtue of the 


plate of ſteel, ſo ſhaped, that when ſuſtain d by the ſtone, we could hang, udien, is a» 
at a little crook that came out of the midſt of it, and pointed downwards, fed revive 


a ſcale ; into which, we put weights; and then, by ſhaking the load-ſtone, 


as much as we gueſs'd it would be by the motion of the engine, we found 
the greateſt weight, that we preſum d it would ſupport, notwithſtanding 
the agitation whereto twould be expos d, was, beſides the iron plate and the 


ſcale, ſix ounces troy : and, if we added half an ounce more, the whole weight 


appear'd too eaſy to be ſhaken off. This done, we hung the load-ſtone 
with all the weight it ſuſtain'd, at a button of glaſs faſten'd to the top of 


811 2 the 
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Funes the inſide of the receiver, when *rwas firſt blown; and, tho' in about 
Ee twelve exſuctions we uſually emptied ſuch receivers, as much as was re- 

quiſite for moſt experiments; yet, this time, we made above twice that 
number: when, violently ſhaking the engine, without thereby ſnaking off 
the weight that hung at the load- ſtone, the iron ſeem'd to be very nearly as 
firmly fuſtain'd by it, as before the air began to be pump out ; for the ex- 
traction of the air, tho it be not ſuppos d to weaken the preciſe power of 
the load-ſtone; yet, it muſt leſſen its power to ſuſtain the ſteel, becauſe this 
in fo thin a medium muſt weigh heavier than in the air. 

The prefſere 32. We took a braſs ſyringe, the barrel about ſix inches in length, and 
fake of, the diameter about an inch and three eighths ; and having, by placing a thin 
the juckerof # bladder about the ſucker, and pouring oil into the barrel, made the inſtru- 
e al ment ſtanch, whilft the ſucker mov d without much difficulty; we thruſt 
thelowerrifice this to the bottom of the barrel to exclude the air; and having laid aſide 
* the ſlender pipe of the ſyringe, we carefully ſtopp'd the orifice to which 
the pipe, in theſe inſtruments, is uſually ſcrew'd; then drawing up the 
N. 52. Tucker, we let it go, to judge, by the violence with which it would be dri- 
ven back again, whether the ſyringe were fit for our purpoſe ; and 
finding it to be ſo, we faſten d a ponderous piece of iron to keep it 

down; and then fixing to the handle of the rammer one end of a ftrin 

whoſe other end was ty d to the turn-key, we convey d this ſyringe and t 
weight belonging to it, into a receiver ; and having pump'd out the air, we 
began to turn the key, thereby to ſhorten the ſtring that ty d the handle 
of the ſyringe to it, and found no reſiſtance in drawing up the ſucker from 

the bottom of the cylinder. | none 
And repeating the experiment with the like ſucceſs, when the receiver 
being exhauſted, we had drawn up the ſucker, almoſt to the top of the 
barrel by a weak ſtring, we kept the parts of the ſyringe in that 282 
till a paſſage was open d to the outward air; upon which, the ſucker was 
ſo forcibly depreſs d, that it broke the ſtring, and was violently driven back 
to the lower part of the barrel; tho the ; had ſuſtain d between four 

d five pound weight, and broke long before all the air, that flow d in to 
fill the receiver, had found entrance. | 
_ Again, we took the ſame ſyringe, and having found it tight enough for 
our purpoſe, we carefully clos'd the vent with a cork and cement, and ha- 
ving ty'd a 7 of two pound two ounces to the barrel, we ſuſpended 
- the rammer of the ſyringe, by a ſtring, in a large receiver ; and cauſing 

the pump to be ply'd, we made eleven or twelve exſuctions, without finding 
any appearance of change in the ſyringe: but cauſing the pumping to be 
continued, I perceiv'd, within two or three exſuctions more, the cylinder 
began to be drawn very ſlowly down, by the weight hanging at it ; and 
likewiſe try'd, that, juſt upon a freſh exſuction, the deſcent would be 
manifeſtly accelerated. And, when we had ſuffer d the barrel and weight 
to ſlide down as far as we thought fit, we let in the external air, which 
rais d them both again, much faſter than they had ſubſided. | 


And, 
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And, ſubſtituting a far heavier weight for the former, the depreſſion of — 


the barrel of the ſyringe ſucceeded for two or three times, ſucceſſively, 


much ſooner than before. 
33- Having cemented up the hole at the bottom of the ſyringe, we ty'd 


A ſyringe can- 


to the barrel a hollow piece of iron, that ſerv d for a ſcale; into which we *e prefire 


put weights, ſucceſſively, to try if, when the ſucker was forcibly drawn 
up, and held ſteddily, in its higheft ſtation, the weight, faſten d to the 


of the aur to 


— 


barrel, which was held down whilſt the ſucker was drawn up, and, af- xy. 82. 


terwards, let go, would be conſiderably rais'd. And, when we perceiv'd, 
that the addition of half a pound, or a pound, more, would make the 
weight too great to be ſo rais d; we forbore to put in that increaſe of 
weight: and, having ty'd the handle of the rammer to the key, we con- 
vey d the ſyringe, together with its clog, into a receiver; out of which, 
a convenient quantity of air bang pump'd, we were, thereby, eafily 
enabled to draw up the ſucker, without the cylinder: after which, having 
let in the air, ſo that the weight was rais d a little, I cauſed two pound to 
be taken out; and then the receiver, being ſomewhat exhauſted, and the 
air admitted; the clog, which amounted to about ſixteen pound, was 
ſwiftly rais'd, and, as it were, ſnatch'd up from the middle, to the upper 


part of the rammer. 


34. We took a ſmall receiver, ſhaped like a pear, cut off, horizontally, Tx age 
at both ends; we, alſo, took the ſyringe, formerly mention'd, and, having — 


cemented thereto, inſtead of its own braſs-pipe, a ſmall pipe o 


f glaſs, about h eee 


half a foot in length, we put this ſyringe in at the narrow end of the re- * «ir. 


ceiver; to whoſe orifice was, afterwards, carefully cemented the braſs- 


cap, with the key, whereto we ty'd the handle of the rammer : then, Fig: 53. 


having conveniently placed, upon the engine, a very ſhort thick conical glaſs, 
containing a ſufficient quantity of quick-ſilver; we ſet the receiver over 
it, ſo that the lower end of the pipe of the ſyringe reach'd almoſt to the 
bottom of this glaſs; and, — was immers d far beneath the 
ſurface of the quick-ſilver: when, all things being prepared, the. air was 
pump'd out of the receiver, and, conſequently,. out of the little glaſs 
that held the mercury; the ſucker being warily drawn up; we could not 


ſee the quick-filyer aſcend to follow it; but the air, being let ſlowly into 
the receiver, the mercury was quickly impell'd up to the top of the glaſs- - 


ipe. | 
N And, for farther ſatisfaction, when the experiment was repeated, we 


plainly obſerv'd, that tho, when the receiver, being not yet exhauſted, 
the ſucker was drawn up but one inch, the mercury would be rais d to 


the upper part of the glaſs-pipe of the ſyringe ; yet, after the exhauſting 
of — tho the ſucker was drawn up twice as high, there ap- 
 pear'd no aſcent of the mercury in the pipe. 
To confirm this experiment, we caus the ſyringe to be ty d faſt to a 
ponderous body, that might keep the cylinder unmov'd, when the ſucker 
d be drawn up; we, alſo, cemented to the vent, or ſcrew, at the bot- 


tom of the ſyringe, a pipe of glaſs, about two inches long; and, bark: 
plac ; 


8 
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ane placed the heavy body upon a pedeſtal of a convenient height, that the 
WY Kare might be all Gon beneath it; and a very low + fill d 
with quick-ſilver, might be ſo placed underneath the pipe, that the ſtag- 
nant mercury reach d far above the immers d orifice of the ſaid pipe: 
when things being thus provided, and the handle of the rammer ty'd to the 
key, belonging to the braſs-cover of the receiver, this veſſel was cemented 
to the engine, and exhauſted. 2 | ebe bit 
We then look d upon the glaſs- pipe, above-mention' d, and, being able 
to ſee thro it, we, by the ſtring, drew up the ſucker to a conſiderable 
height, but could not perceive the pipe to ® fill d with any ſucceeding 
mercury; but, warily letting in ſome air, we quickly ſaw the mercury 
impell'd to the very top of the pipe; and concluded, from the quantity 
rais'd, that ſome was, alſo, driven into the cavity of the cylinder. This 
experiment, alſo, we ſucceſsfully try'd with tinged ſpirit of wine. Hence 
it appears, that, if a ſyringe were made uſe of above the atmoſphere, 
neither the ſtopping of the pipe would hinder the eaſy drawing up of the 
fucker ; nor the drawing up the ſucker, tho' the pipe were not ftopp'd, 
raiſe, by ſuction, the liquor wherein the pipe was immers'd. 
The abefion of 35. We'took a glaſs, about an inch and a half in diameter, but much 
extping-glaſer longer than an ordinary cupping-glaſs of that breadth ; we, alſo, provided 
— wag th à receiver, ſhaped like a pear, and open at both ends, at the ſharper 
air. whereof, there was a ſmall orifice ; but, at the obtuſer, a ſhort neck, 
Fig. 5 wide enough to admit the cupping-glaſs, without touching the ſides of it. 
| The ſmaller orifice of the receiver, being cemented to the engine; I caus'd 
the cupping-glaſs to be well faſten d, with the mouth upwards, to the 
palm of a perſon's hand; then caus'd him to put it into the receiver, and 
lay his hand fo upon the orifice, that it might ſerve for a cover to it, and 
hinder any air from getting in between them : but, upon the firſt ſuck, the 
cupping-plaſs fell off; the weight of the atmoſphere preſſing ſo ſtrongly upon 
the perſon's hand, that he-complain'd, he could very hardly take it from 
the glaſs, into which it was almoſt thruſt. We repeated the experiment, 
faſtening the cupping-glaſs more ſtrongly than before; the tumour, occa- 
fion'd whereby, was very viſible : but now, alſo, as before, at the very 
8 of the ſtop- cock, to let the air out of the receiver, the cupping- 
A great weigh 36. We took the braſs-ring, formerly mention'd, and cover'd it with a 
aral wit. Wer bladder, which was ſo ty d on, that the bottom of the bladder cover d 
che n per orifice of the ring, and lay ftretch'd upon it, whilſt the neck of 
the bladder was ty'd with a ftring, near the middle of the lower orifice 
Tig. 85. of the ring; and, in this lower part of the bladder, we made two or three 
{ſmall holes, for the air to paſs in and out at: then, having placed, at the 
bottom of our capp'd receiver, a thick piece of wood, perforated to re- 
ceive the neck of the bladder; we placed the cover d ring upon this piece 
of wood, ſo that the upper part of the bladder lay parallel to the horizon; 
then we ſuſpended, at the key belonging to the cap of our receiver, a 
blind'glaſs-head, inſtead of a cupping-glaſs, which name it may ne: 
oY an 
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and to the upper part of this glaſs, we faften'd a large ring of metal to Ponuxamice. 
preſs it a the bladder. 'The receiver being now — on to te 
engine, we, by the help of the key, let down the cupping-glaſs till it almoſt 
touch d the level ſuperticies of the bladder; and when the receiver was mo- 
derately exhauſted, we let down the cupping- glaſs a little lower, ſo that it 
reſted upon the bladder, and touch'd it with all the parts of its orifice; 
whence the ing-glaſs with its ſubjacent bladder was become an inter- 
nal receiver wherein the air was conſiderably expanded. Then we warily 
let the air into the receiver, and thereby the air that ſurrounded the cup- 
ping-glaſs or internal receiver, having now a ftronger preſſure than that in 
the-cupping-glaſs could reſiſt, the bladder on which the cupping-glaſs reſted; 
was conſiderably thruſt into the cavity of the glaſs, and made to ftick very 
cloſe to the oc of it. 3 8 1 

Repeatin experiment, and exhauſting receiver furt Fig. 36. 
before, we — out — cupping-glaſs and the bladder, which, toge- 
ther with the included braſs- ring was ing at it; and having ty'd the 
glaſs to the hock of a ſtatera, and a large ſcale to the neck of the bladder, 
we put weights, by degrees, into the ſcale, till we thus forced off the blad- 
der _ the glaſs; which hapned not till the weight amounted to thirty-five 
un | 
27. We caus d a pair of bellows tobe made different from ordinary ones, Bells, withths- 
their boards being circular, without handles, and without clack or valve, the noſe Das 
but an inch long, to be lengthned, if occaſion required, witha pipe, and about h the ge 
ſix inches in diameter, the leather being limber; ſo that when the bellows were a ＋ W 
open d totheir full extent, by drawing up the upper baſis at a button purpoſely Fig. 5. 
made in the midſt of it, they reſembled a cylinder ſixteen or eighteen inches 
high; but there was ſome little, and unperceiy'dleak in them, whereat air had 
paſſage, when the noſe was accurately ſtopp'd ; however, if we drew up 
the upper baſis from the lower, the external air would, on all fides, the 
leather inward, and render the ſhape of the inſtrument very far from cy- 
lindrical. Then carefully ſtopping the noſe, after we had brought the baſes to 
touch each other, and conveying the inſtrument into a large receiver, it quickly 
appear d, when the pump was ſet on work, that, at every exſuction, the 
air in the folds of the leather, and the reſt of the little cavity left between 
the baſes, made the upper of them manifeſtly riſe ;tho* its own weight would 
ſoon after depreſs it again, either by driving out ſome of the air, where 
the inſtrument was not fufficiently tight, or by making it, as it were, 
ſtrain thro” the leather itſelf: and if the pump were ply d faſter than ordi- 
nary, the upper part of the bellows, would be ſoon rais'd to a conſiderable 
height ; as 1 more evidently, if we haſtily let in the external air, 
whereby the baſes would be clapt together, and the upper of them conſi- 
derably depreſs d; ſo that the imperfection of the bellows render d the ex- 
riment rather more than leſs concluſive: for ſince there was no external 
ce apply d to open them, if, notwithſtanding ſome of the included air 
could get out, the ſpring of the internal air was ſtrong enough to open 


1 


A 
1 27. be enquir d, whether we can, by ſenſible experiments, diſcover its exiſt- 


45 to its 
ence. 


* 


res · the bellows, when the ambient air was withdrawn, much more would 


of the 


the eſſect have been uced, if the bellows had been perfectly ſtanch. 


38. Since, if there be ſuch a thing as a celeſtial matter, or æther, it muſt 
compoſe far the greateſt part of the univerſe known to us; it deſerves to 


or qualities. To this end I thought our pneumatical engine mi 
contribute, if I could manage therein ſuch a pair of bellows as I deſign d; 
for I propoſed to faſten a convenient weight to the upper baſis, and clog the 
lower with another, able to keep it horizontal, and immoveable, ſo that 
when, by the help of the turn-key, the upper baſis ſhould be rais'd to its 
full height, the cavity of the bellows might be brought to its full dimen- 
fions. This done, I intended to exhauſt the receiver, and, conſequently, 
the bellows, thus open'd ; ſo that both the receiver, and they, might be 
carefully freed from air: after which, I purpos'd to let go the upper baſe 

— that being haſtily depreſs'd by the incumbent weight, it 
might ſuddenly fall down to the lower; and by thus greatly leſſening 
the cavity, expel thence the matter, if any there were, before con- 


- taind mit; and that, if it could, by this way, be done, at the hole of 


a ſlender pipe, faſten d either near the bottom of the bellows, or in the 
upper baſis, againſt, or over the orifice of which pipe, there might be 
placed, at a convenient diſtance, either a feather, or the ſail of a little 


 -wind-mill, made of ſome other light body, fit to be put into motion by: 


a ftthe impulſe of any matter which ſhould be forc d out of the pipe. | 


e. 58. 


Now, if by this notwithſtanding the abſence of the air, it ſhould 
appear, that a ſtream of other matter, able to ſet viſible bodies in mo- 
tion, ſhould iſſue out at the pipe of the compreſs'd bellows; it would alſo 
appear, that there may be, plentifully, found a much ſubtiler body than 
common air, in places deſerted by ſuch air; and that it is not ſafe to con- 
clude; from the abſence of the air, in our receivers, and the upper part of 
the Torricellian tube, there is no body, but an abſolute vacuity. But 
if, on the other fide, tnere ſhould appear no motion at all to be produc'd, 
ſo much as in the feather, ir ſhould — that either the cavity of the bel- 
lows was abſolutely empty; or that it would be very difficult to prove, 
by any ſenſible experiment, that it was full. And if, by any other means, it 
be demonſtrable, that it was repleniſh'd with æther, we might ſuppoſe, from 
our experiment, that tis not eaſy to make it ſenſible by mechanical experi- 
ments; and that tis really ſo ſubtile, and yielding a matter, as does not 
either eaſily impel light bodies, or ſenſibly reſiſt, like air, the motions of 
other bodies thro” it; but is able, freely, to paſs the pores of wood, leather, 
and cloſer ſubſtances, which the air, in its natural ſtate, doth not. | 

And, to make the trial. more accurate, I caus d a ſmall pair of bellows to be 


made with a bladder; and that this might remain entire, we glued the 
two baſes, the one to the bottom, and the other to the —— part thereof; 
or it, 


ſo that the neck came out at a hole, purpoſely made into the up- 

ag baſis; whence, into the neck it was eaſy to fix what pipe we judg'd 

We had, alſo, thoughts of procuring another pair of tight _— 
ma 
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made with a very little clack in the lower balis; that, by haſtily draw- P=zvzcamice. 
N $ very | r 1 


ing up the other baſis, when the receiver and bellows were very carefully 


exhauſted, we might ſee whether the ſubtile matter that was expell'd by 
the upper baſis, in its aſcent, would, according to the modern doctrine ef 
.the circle, made by moving bodies, be impell' up,. Or not. | | 
We, likewiſe, thought of placing the little pipe of the bladder-bellows, be- 
neath the ſurface of water, exquiſitely freed Fom air, to ſee whether, upon 
the depreſſion of them, by the incumbent weight, when the receiver was 
carefully exhauſted, there would be any thing expell d at the pipe, productive 
of bubbles in the liquor, wherein its orifice was immers'd. y | 
| To bring our conjectures to a trial, we put into a capp'd receiver, the 
bladder, accommodated as already mentioned, containing between half a 
pint, and a pint ; and to depreſs the upper baſis of theſs little bellows the 
more eaſily, and uniformly, we cover d the round piece of paſt-board, that 
made the upper baſis, with a pewter plate; a hole being made in it for the 
neck of the bladder: which, upon trial, prov'd not ponderous enough wirhout 
weight of lead. And to ſecure the feather above-mention'd, from being 
blown aſide, we made it to move in a perpendicular ſlit in a piece of paſt- 
board, faſten'd to one part of the upper baſis ; as that whereto we glued 
the feather, was to another 155 Things being thus provided, the pump 
was work'd ; and as the ambient air was, from time to time, withdrawn, 
that in the bladder expanded itſelf fo as to lift up the metalline weight, 
and yet, in part, to ſally out at the little glaſs pipe of our bellows ; asa 
eard by its blowing up the feather, and keeping it ſuſpended, till the 
1 of the air in the bladder was too far weakned. In the mean time, 
we did, now and then, by the help of a ſtring faſtned to the turn-key, and 
the upper baſis of the bellows, ler down the baſis a little, to obſerve how, 
upon its ſinking, the blaſt, againſt the feather, would decreaſe, as the re- 
cejver was further exhaufted. And when we judg'd it to be ſufficien 
freed from air, we let down the weight, but could not perceiye that, 
ſhutting the bellows, the feather was at all blown up as before; tho the 
upper baſis were more than uſually depreſs d. And yet it's ſomewhat odd, 
that when, in order to a further trial, the weight was drawn up again; as 
the upper baſis roſe from the lower, the ſides of the bladder were ſenſibly 
ores. or drawn inwards. 'The bellows being thus opens, we let 
down the upper baſis again, but could not perceive that any blaſt was pro- 
duced ; for tho the feather, which lay juſt over, and near the orifice 6f 
the little glals pipe, had ſome motion, yet this ſeem'd plainly to be but 
a ſhaking, and almoſt vibrating motion, whereinto it was put by the 
upper baſis, which the ſtring kept from a ſmooth and uniform deſcent ; 
but not to proceed from any blaſt, iſſuing out of the cavity of the bladder. 
And, for further ſatisfaction, we cauſed ſome air to be let into the re- 
ceiver ; becauſe there was a ſibility that the ſlender pipe might, by ſome 
accident, be choaked: but tho, upon the return gf the air into the recei- 
ver, the baſes of the bellows were pref&d cloſer together, yet it ſeem d 
that ſome little air got thro the pipe, into the cavity of the bladder; for 
Vo. H. CCW 
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Pynnxcimice when we began again to withdraw the air that was let into the receiver, 


the bladder began to ſwell again, and, upon letting down the weight, to 


blow up, and fuſtain the feather, as happen d before the receiver had been 


ſo well exhauſted. een ee 
39. I caus'd a crooked pipe to be made for the ſyringe, formerly men- 

tion d, inſtead of its ſtrait one, whoſe ſhorter leg was parallel to the lon- 

er. And this pipe, after being ſcrew'd on carefully, was cemented to the 
SY and becauſe the braſs-pipe could ſcarce be made ſmall enough, 
we cauſed a ſhort and ſlender pipe of glaſs, to be put into the orifice of 
the ſhorter leg, and carefully faſten'd to it with cement. Then the ſucker 
being made to go ſmooth, without leſſening the ſtaunchneſs of the ſyringe, 
there was faſten'd to the handle of the rammer, a weight made in the 
form of a ring, or hoop ; which, by reaſon of its figure, might be ſuſpended 
from the handle of the rammer, and hang looſe on the outſide of the cy- 
linder, and which, both by its figure and weight, might eaſily, and ſwiftly 
depreſs the ſucker, when drawn up. The ſyringe, thus furniſh'd, was 
faſten'd to a broad, heavy pedeſtal, to keep it in its vertical poſture, and to 
hinder it from tottering, notwithſtanding the weight that clogg'd it. Beſides 
all this, we took a featfer, about two inches long, of which there was left, at 
the end, a part about the breadth of a man's thumb-nail, to cover the orifice 
of the ſlender glaſs pipe of the ſyringe ; for which purpoſe, the other extre- 
mity of it was ſo faſten d, with cement, to the lower-part of the ſyringe, 
that the broad end of the feather ftood juſt over the little orifice of the 

laſs, at ſuch a convenient diſtance, that when the ſucker was a little 
drawn up, and let go again, the weight would depreſs it faſt enough to 
blow up the broad part of the feather. 'The handle of the rammer, being 
now tyd to the turn-key of a capp'd receiver, the ſyringe, and its pe- 
deftal, were incloſed in a capacious receiver; and the pump, being ſet on 
work, we, after ſome quantity of air was drawn out, 145 0 the ſacker a 
little, by the help of the turn-key : and, then, turning the ſame key the 
contrary way, we ſuffer d the weight to depreſs the 2 885 to ſee how 
the feather would be blown up; and, finding that it was impell'd, forcibly, 


we continu'd to pump, by pauſes ; during each of which, we raisd and 
depreſs d the ſucker, as before; and obſerv'd, that as the receiver was 
gradually exhauſted of air, the feather was leſs briskly driven up, till. 
at length, when the receiver was well empty d, the uſual elevations and 


depreſſions of the ſucker would not blow it up at all, tho' they were far 
more frequently repeated than before. 

Alfter we had long tried, in vain, to raiſe the feather, ſome air was let 
into the receiver; and tho, when but very little air was admitted, the 


motions of the ſucker had ſcarce any ſenſible effect upon the feather ; yer, 
when rhe quantity began to be conſiderable, the feather began to 
move a little upwards ; and ſo letting in air, not all at once, but ſucceſſive- 
Jy, and moving the ſucker up and down, in the intervals of thoſe times 


.of admiſſion; we obſerv'd, that as the receiver contain d more air, the 
feather was more briskly blown up. 6 


But, 
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But, not content with a ſingle trial, we caus'd the receiver to be again rene, 


exhauſted, and proſecuted the experiment with rhe like ſucceſs; only 
having, after the receiver was exhauſted, drawn up, and let fall the 
ſucker, ſeveral times, ineffetually ; having, hitherto, not, uſually, rais'd 
it by more than one turn of the hand; we now uſed an inſtrument, 
that was tolerably long, and fit to take hold of the turn-key, ſo that we 
could eaſily raiſe the ſucker between two and three inches at a time, 
and ſuddenly __ it again: yet, for all this, which would much have 
increas d the blaſt, if there had been a matter fit for it in the cavity of the 
ſyringe, we could not, ſenſibly, blow up the feather, till we had let a 
little air into the receiver. Bur, now, inftead of the braſs-pipe, hitherto 


employ'd, we cemented one of glaſs to the ſyringe ; its ſhorter leg, after EE 


it had, for a while, run parallel to the other, being bent off ſo, that above 
an inch and a half of it tended downwards ; whereby the orifice of ic might 
be immers'd in the water contain'd in a ſmall open jar. The deſign of this 
contrivance was, that when the receiver ſhould be well exhauſted, we 
might try whether, by raiſing and depreſſing of the ſucker, any ſuch mat- 
ter would be driven out at the noſe of the pipe, as would produce bubbles 
in the incumbent water; which, air, tho highly rarify'd, is capable of doing. 
_ uy particulars, wherein this experiment differ'd from the former, 
were theſe. As the air was here pump d out of the receiver; that in the 
glaſs-pipe made its way thro" the water, in bubbles. And a little air 


having once, by a ſmall leak, got in, and forc'd ſome of the water out of 


the jar into the pipe when the receiver was again well empty'd, both 
that water, and the little ſtagnant quantity contain'd in the immers d part 
of the pipe, produced fo many bubbles, of ſeveral ſizes, as quite diſturb d 
our obſervations. Wherefore, we let alone the receiver, exhauſted as it 
was, for ſix or ſeven hours, that the water might free itſelf from air; and 
then dere what air might have ſtolen in, to be again pump'd out, till 
we perceiy'd, by the gage, that the receiver was well exhauſted, we caus d 
the ſucker of the ſyringe to be rais d and depreſs'd ſeveral times; and tho”, 
even then, a bubble would, now and then, difturb our obſervations, yet, 
when we were not thus confounded, we ſometimes obſerv'd, that the ele- 
vation and fall of the ſucker, tho” repeated, did not drive out at the pipe, 
any thing that made diſcernible bubbles in the incumbent water : for tho' 


ſome ſmall bubbles would rarely appear on the ſurface of the water, yet I 


could not perceive, that the matter which made them, iſſued our of the pipe; 
and ſome of them manifeſtly proceeded from aerial particles, ſtill lurking in 
the water, as I concluded from the place and time of their riſing. But, at 
length, we obſerv'd, the water, in the immers'd part of the pipe, which 
was very ſlender, to be about an inch higher than the reſt of the ſtagnant 
water, and to continue at that height in the pipe, tho the ſucker were, ſe- 
veral times together, rais'd and depreſs'd, between two and three inches at 
once; which ſeem'd to argue, that there was a vacuum in the cavity of the 
{yringe : or if it wete full of zther, _ was ſo ſubtile, that the impulle ir 
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that into its cavity it might receive the lower end of the turn- key, to which 
twus to be faſten d by a lender bes of braſs, thruſt throꝭ two corre ent 
holes,, the one made in, the turn-key, and the other in the ſocket of the axle- 
tree. There were alſo ſeveral horizontal perforations made in the pillar it{elf, 
to which this axis belong'd ; which pillar we call the vertieal cylinder. 'The 
general uſe of this contrivance, is, that the end of the turn: key being put into 
the ſocket, and the lower axis of the vertical eylinder into the trencher; by the 
motion of the key, a body faſten d at one of the holes to the cylinder may 
be brought to, or remov d from, or made to ſtrike againſt anether body, 
faſten'd, in a convenient poſture, to the upper part of the trencher. 

We caus d then a hand- bell without its handle and clapper, to be ſo faſten d, 
to a ſtrong wire, that one end of the wire being fixed in the trencher, the 
other, which, was bent downwards, took hold of the bell. In another 
hole, made in the circumference of the ſame trencher, was wedg d a ſteel 


2 


ſpring, to the upper part whereof was wedg d a gad of ſteel leſs than an inch 


long, but conſiderably thick; the length of this ſpring made the upper 


part of the hammer, or piece of ſteel, of the ſame height with the bell; and 


the diſtance of the ſpring from the bell was ſuch, that when foro d back 
the other way, it might, at its return make the hammer, ſtrike briskly up- 
on the outſide of the bell. The trencher being thus furniſh d and plac d in 
a.capp'd receiver, the air was diligently pump d out, and then, by the hel 

of the turn-key, the vertical cylmder was made to go round, by hic 

means, as often as one of the two ſtiff. wires, or ſmall pegs, that were faſten d 
at right angles into holes made near the bottom of the cylinder, pas d by. the 
ſpring, they forcibly bent it in their paſſage from the bell, ſo chat nas ſoon 
as the. wire was gone by, and the ſpring ceas d to be preis d, it would fly 
back with yiolence enough to make the hammer give a {mart ſtroke upon 
the bell. And, by this means, we could both continue the experiment at 


therwiſe have been eaſy to do. 


diſcretion, and make the percuſſions more equally ſtrong than ãt would - 
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Now, when the receiver was weil emptied, it ſometimes N 
moſt 


doubtful whether any ſound were produc'd or no; but to me, for the 
part, it ſeem d, that, after great attention, I heard a very faint, and lan- 


come from afar. But letting in the air, at competent intervals, it was e- 
ſy to obſerve, that the vertical cylinder being: ſtill made to go round, hn 
a little air was let in, the ſtroke of the hammer upon the bell became v 


guid ſound, and yet methought it had fome ſhrihneſs in it, ald ſeem d to 


audible: when more air was admitted, the ſound grew greater, and ſo 


increas d till the receiver was aghin repleniſid with air; tho, even then, 
the found was obſery'd to be much leſs chan when the receiver did not in- 
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to make this experiment the more accurate, we employ d a receiver that 
conſiſted of but one piece of-glaſs furniſh*d on the inſide with a glaſs noh r 
burton, to Whith. a ſtriung night be tyd: we alſo. hung che watch, not 


By its cha, but by a very lender thread, whoſe upper end Was faſten d to 
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ted the ringing of the alarum; but hearing no noiſe ſo ſoon as we expected, 
it might have been doubted, whether the watch continued going, if we 
had not contriv d a way to diſcern its motion: wherefore, I deſired a gen- 
tleman to hold his ear exactly over the button, at which the watch was ſuſ- 
pended, and very near to the receiver; who told us, that he could juſt per- 
ceive ſomething of a ſound, which ſeem'd to come from far; tho', neither 
we, who liften'd very attentively near other parts of the receiver, nor he, 
if his ears were no more 1 plac d, were ſatisſied, that we 
heard the watch at all. Then letting in ſome air, we did, with attention, 
begin to hear the alarum, whoſe ſound was odd; and by returning the 
ſtop- cock, to keep any more air from entering, we kept the ſound thus low 
for a conſiderabls time; after which, a little more air, that was permitted to 
enter, made it become more audible; and when the air was yet more freely 
admitted, we could plainly: hear the alarum at a conſiderable diſtance from 
the receiver, 4% 207 07 297% 
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432. The blunter part of a claſs-drop being faſten'd to a ſtable body, 


Faabed receiver. andconvey d into the receiver, and the crooked ſtem being ty d to one end 


of a ſtring, wheſe other end was ' faſten'd to the turn-key, we carefully 
pump d out the air; When the ſtem, by ſhortning the ſtring, being broken 
: _—_ glaſs-drop was ſnatter d into a thouſand pieces. 113470 
This experiment was, afterwards, repeated with the like ſucceſs ; and 
having, at that time, no gage to try how far the air had been drawn out, 
we let the external air impel up the water out of the pump into the recei- 
ver, and thereby found, that the veſſel had been well exhauſted. 

43; Knowing; that hard ſugar, being briskly ſcraped with a knife, affords 


105 n 
Tight Lie re ſparkling light ; ſo that one would ſometimes think ſparks of fire flew 


n. . 


from it; we caus d a lump of hard loaf-ſugar to be conveniently, and 
firmly plac'd in the cavity of our capp d receiver ; and, to the vertical cy- 
nder, formerly mentioned, we faſten'd ſome pieces of a ſteel-ſpring, 
Which, being but thin, might, in their paſſage along the ſugar, grate or rub 
forcibly againſt it; and, then the receiver being exhauſted, in the night- 
time, and in a dark room, the vertical cylinder was made, for a pretty while, 
to move round, by help of the turn-key. Thus the irons that came out of the 
vertical cylinder, making, in their paſſage, vigorous impreſſions upon the 
ar, that ſtood in their way, there were manifeſtly produced many little 
Aches. and ſometimes too, tho not frequently, there ſeem'd to be ſtruck 
off ſmall ſparks of fire f. my: | + AJ. We 
„ That found cannot be ted] From ſome other riments of the 

| thro'-a vacuum, ars more Alp From ſame perſon, tis alſo — that ſounds 
an iment e late Mr. Haukibee, are as well augmented in condenſed air, 
Who ineluded a large bell in a receiver | as diminiſh'd in that, which is rarified. 
full ofcommon-air, and cover'd them both | See his Phyſfico-mechan. Experiments. p. 129. 
with another glaſs, out of which, .the air 134. | may * * 
being extracted, tho ſound was aftually | | 0 | | 
oduced in the innermoſt; it could not | + From « variety of experiments, rela- 
heard by the by-Randers. Philoſ. Tranſ. | ting to the (attrition of bodies in vacue, 
eee made by the late Mr. Hawk-bee, it appears, 
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We took a large inverted cucurbit for a receiver, made very clear Przvzarics 
by wiping, and obſery'd, that when the pump began to be work'd, if a Thind of bob, 
large candle were held on the other fide of the glaſs, upon turning the ſtop- nd colors pro 
cock to let the air out of the receiver into the cylinder, the glaſs would 3,4 wer. 
ſeem to be full of fumes, and a kind of halo appear about the flame' of the 
candle; and this, at firſt, was commonly between a blue and a green, 
but after ſome ſucks, turn'd of a reddiſh or orange colour, both very vivid. 
The phenomenon, in my opinion, proceeded from hence, that the cement 
being ſomewhat ſoft, and abounding with turpentine, and having a hot i- 
ron apply'd to it, whereby it was both ſoften'd and heated, it ſeems ratio- 
nal to expect, that, upon withdrawing the air in the receiver, the aerial 

rticles in the cement freed from their former preſſure, would extricate 
themſelves, and with the looſer ſteams of the turpentine, and perhaps of 
the bees-wax, expand themſelves, with a kind of exploſion, in the receiver ; 
and by their interpoſition between the light and the eye, exhibit thoſe de- 
lightful colours we had ſeen. And, I afterwards found, that I could 

lainly perceive the colouring ſteams, juſt upon turning the ſtop- cock, to 
hy up from the cement towards the top of the glaſs; and, if we continued 
pumping, the receiver would grow clearer, and the colours more di- 
lute, poſſibly becauſe the aerial and volatile particles of the upper part 
of the cement did, in that time, ſpend themſelves ; and alſo, becauſe the 
agitation they receiy'd, from the heat communicated by the iron, continu- 
ally decay'd. Beſides, when the receiver is more exhauſted, the want of 
air makes it more difficult for ſteams to float, and be ſupported in ir. 

But, for a farther confirmation, I caus'd ſome cement to be put into a 
ſmall crucible, warm enough to melt it; and conveying this into a clear re- 
ceiver, I caus'd the pump to be work d: upon which, it manifeſtly 
appear'd, that, opening the ſtop-cock, to let out the air, the ſteams - 
would copiouſly be thrown about from the crucible into the capacity of the 
receiver; and, after having play'd there a little, fall down again. But, 
in theſe phenomena, the vividneſs, and ſometimes the kind of the 
exhibited colours ſeem'd much to depend on circumſtances, ſuch as the de- 
grees of heat, the magnitude and ſhape of the receiver, the quantity of 
air that remain'd therein, and the nature of the cement itſel. 

45. Croſs the ſtable trencher, formerly mention'd, we faſten'd a ſtrong gu produced. 
ſpring of ſteel, ſhaped almoſt like the lathe of a croſs-bow ; and to the maß attrition in 
of this fpring was ſtrongly fix'd on the outſide a round piece of braſs, hol-;2-<,n- 
low'd almoft like a concave burning-glaſs. To this piece of braſs, which was 
thin, and about two inches in diameter, we fitted a convex piece of the ſame Fig. 63. 
metal, almoſt like a. gage for a tool to grind glaſſes in, widch had belong- 


that different ſorts of bodies afford lights | cular light, may, by attrition, be brought 
greatly differing in colour, force, and vi- to yield no more thereof; and that a con- 
gour; that the effects of attrition vary | fiderable light is producible, by the at- 
with the different preparation and ma- | trition of glaſs on glaſs, both in vacuo, in 
nagement of the bodies which ſuſtain it; | common air, and even in water. Hawks. 


that bodies, which have yielded a parti- Phyſico-mechan. Exp. p. 40-44 | 
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111 Plhſſca mechanical Experiments. 
gering to it a ſquare handle, whereintg, ag into a ſocket, was inſerted a ſquare 
nee of wood, proceeding from the baſis of + ſquare wooden pillar, 
weich we wage uſe of, on this accafion, inſtead of our vertical cylinder. 
By che help of another piece of wood, coming from the ather baſis of the 

ſuame pillax, the turn-key was join d to this pillar, and made of ſuch a length, 
that When the turn- key was forcibly kept down as low as the braſs- cover 
it was a part af, would permit, the convex piece of metal juſt deſerib d, 
depreſs d the concave piece a pretty way, notwithſtanding a vigorous re- 
ſiſtance of the ſubjacent ſpring. A little fige Er Xt emery was alſo 


put between the convex and concave pieces of braſs, to make them fir the 
better, and to facilitate the motion that was to be made; and, to the upper 
t of the turn- key was faſten d a good — without which, we pre- 
fam d, that the turning of the key would not produce a ſufficient motion. 
Things being thus in readineſs, and a mercurial gage convey d into 
receiver, we caus d the air to be diligently pump d out, and then order d x 
ſtrong man to turn the wimble, and to continue to lean a little on it, that 
he mnt be Tune to keep the turn key from being lifted up by the ſpring. 
Whilſt the man, with much agility and ſtrength was moving the mb IF 
watch d the gage, to obſerve, whether the agitation of the ſtop-cock, an 
_ conſequently the engine, did not prejudice the experiment; and for greater 
caution, .I caus'd the pump to be almoſt all the while kept working. When 
the man was almoſt our of breath, we let in the air at the cover of the re- 
 ceiver, by lifting up the turn-key ; and nimbly removing the receiyer, we 
felt both the pieces of braſs, betwixt which the attrition had been made, 
and found them very ſenſibly warm. $0 
We-afterwards caus'd the man to lay hold of the wimble again, when, 
by the gage, it appear'd, that the receiver was well exhauſted ; ſo that b 
further pumping the quick-ſilver ſeem'd not to be further depreſs d. And, 
in this ſecond trial, when we did, as before, haftily let in the air, and 
take out the bodies that had been rubb d againſt one another, they were 
both of them, eſpecially the uppermoſt, ſo hot, that I could not endure 
to hold my hand on either; and they did, for ſome time, retain a conſidera- 
ble degree of warmth. I alſo caus d two bodies of wood to be turn'd, 
for ſize and ſhape like thoſe of braſs, which we had juſt before employ d; 
the upper of theſe was of hard oak, the pther.of beech : but, tho the 
-wimblerwas. ſwiftly turn d, as before, by the ſame perſon, the wood ſeem' d 
not to me to have manifeſtly, acquired any warmth ; yet, that there had 
been a conſiderable attrition, appear d by the great poliſh, which part of 
_ . ' thewood had evidently acquired: however, upon repeating the experiment, 
with. more obſtinacy than before, the wood, eſpecially the upper piece of 
it, was brought to a warmth unqueſtionably ſenſible. 
3 46. Into an evaporating glaſs, we put a convenient, quantity of water; 
Ante v. and having convey d it into a receiver, and well drawn out the air, we let 
r don into it, b D a large lump of ſtrong lime; and 224 not, 
that, at the Buſt 5 on, nor for ſome. | after, the 


there appear d any conſi- 
derable number ef bubbles; but with a quarter of an hour, the — 
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n, (the pump continuing to be ply d, from time to time,) to lake with Prowiearies: 
— violence, and with Pubdles ane great, appearing at each 
new exſuction; ſo that the inſide of the receiver, tho large, was, at length, 
| lined with lime-water; and much of the mixture did, from time to 
time, overflow the veſſel, a great part whereof was purpoſely left unfill'd : 
nor did any thing, but our wearineſs, put a period to the bubbling of the 
mixture, whoſe heat was ſenſible even on the outſide of the receiver, and 
continued conſiderably hot, in the evaporating glaſs, for a quarter of 
an hour after the receiver was remov d. The lime, employ'd in this ex- 
periment, was of a very good and ſtrong kind, made of hard ſtones, and 
not of chalk, as is that commonly uſed at London, which, probably, would 
not have been ſtrong enough to have afforded us the ſame phenomenon. 
47. To try, by means of our ſyringe, formerly mention d, what weight 2 ue 
a cylinder of uncompreſs d air included in it, and conſequently of the ſame force of te 
diameter with the cavity of the barrel, would be able to ſuſtain ; wet f * 
provided a ſtable frame, wherein the ſyringe might be kept firm 
and erect: we alſo provided a weight of lead, ſhaped like our braſs- 
ring, formerly deſcrib'd, that, 2 the advantage of its figure, it might be 
made to hang down, by ſtrings, from the top of the handle of the rammer, 
and ſo preſs evenly on all ſides, without rendring the upper part of the in- 
ſtrument top-heavy. We took care to leave between the bottom of the 
ſyringe, which was firmly clos'd with ſtrong cement, and that part of it, 
where the ſucker was, a convenient quantity of air to expand ſelf, and 
lift up the weight, when the air external to that included, ſhould be 
pump'd out of the receiver. And laſtly, the handle of the rammer, from 
which the annular weight depended, was ſo faſten'd to the turn-key of 
the cover of the receiver, that the weight might not compreſs the air in- 
cluded in the ſyringe, bur leave it in its natural ftate, till the air was with- 
drawn from the receiver. 
By this method, the included air would lift up a 0 of ſeven, or 
eight pound; yet, when the rammer came to be clogg'd with a greater, 
the inſtrument prov'd not ſo ſtanch, but that it was eater for ſome parti- 
cles of air to get away between the ſucker, and the inſide of the barrel, 
than to raiſe fo great a weight. But, if an exact ſyringe can be procured, 
this ſeems to be one of the likelieſt, and leaſt 22 ways of meaſu- 
ing the force of the air's ſpring. ts 
ut, being unable to procure ſuch a ſyringe as I defired, I got two hol- Fig. 64: 
low cylinders to be turn'd, whoſe ſides were of a ſufficient thickneſs to 
. reſiſt the preſſure of the air to be impriſon'd in them; one an inch 
in diameter, and the other two: their depths were alſo unequal, that the 
one might receive a much larger bladder than the other. With the leſſer of 
theſe, I made a diligent trial ; but found it very difficult to procure a blad- 
der ſmall, and fine enough for the cylinder: and that which we, at length, pro- 
cured, would not continue ſtanch for many trials; but, after a while, par- 
ted with a little air in the well exhauſted receiver, when twas clogg d with 
the utmoſt weight it could ſuſtain: but whillt it continued ſtanch, we made 
Vor. II. Duu | one 
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an inch in diameter, and lefs than two inches in length, was able viſibly to 
raiſe a weight of above ten pound, averdupoize. 

At another time, into a hollow cylinder of wood four inches deep, 
and two in diameter, furniſh'd with a broad and ſolid body or pedeſtal, 
we put a lamb's-bladder very ſtrongly ty'd at the neck; on which, we ſer a. 
wooden plug, mark d with ink, where the edge of the cylinder was conti- 
guous to it: this plug being loaded with weights, amounting to thirty-five 
pound, the. receiver was exhauſted, till the mark appear'd very manifeſtly 
above the brim of the cylinder; and then, tho the ſtring was, by turning the 
key, quite flacken'd, yet the mark on the plug continued very viſible. And, 
when ſo much air was let into the receiver, as made the weight depreſs the 
plug quite beneath the mark, upon pumping out the air again, the weight was, 


without the help of the turn-key, lifted up; and by degrees, all the mark of 


the plug was rais'd above three eighths higher than the edge of the cylinder. 
Wherefore, we ſubſtituted for the ſeven pound weight, one of fourteen; 
and ufing the ſame bladder, we repeated the experiment ; only a little ſup- 
porting the uppermoſt weight by the turn-key, till the bladder had attained 


its expanſion; and then the weight, being geatly let go, depreſs'd not the plug 


ſo low, but that we could yet ſee the mark on it; tho' that part of the 
plug where the mark was, appear d manifeſtly more deprefs'd than the other. 


4n eaſy may of 48. We took à braſs-yeſlel, made like a cylinder, and having one of its 
making o #«" orifices exactly cover d with a flat plate firmly faſten'd to it, the other 
Aude alt raiſe orifice being wide open :. the depth of this veſſel was four inches, and the 
ER 7 diameter three and three quarters. To this hollow cylinder we fitted a 


Fig 66. 


purpoſely, made 


wooden plug, like cne of thoſe deſcribed in the foregoing experiment ; 
only it was not 9 ſo long, and was furniſhed with a lip, which we, 
urpe a conſiderable breadth, that it might afford a ſtable 
afis to the weight that ſhould reſt upon it: then, taking a middle- ſized 
limber bladder, ſtrongly ty'd, at the neck, but not near full blown; we 
preſſed it, by the help of the plug, into the hams that it might the bet- 
ter fit itſelf to ere thereof: then, ta ing notice, by a mark, how 
much of the plug was extant above the orifice of the elle, we laid the 
weights upon the plug, Whoſe lip hinder d it from being depreſſed too 


deep into the cavity of the veſſel; and, having convey'd them into the re- 


ceiver, we found, that a common half hundred weight would very ſoon 
be manifeſtly raiſed by the ſpring of the included air. 


In another experiment, the bladder in a cylinder four inches broad, raiſed 


75 pound weight, till the wooden plug diſcloſed the mark deſign d to ſhew 
the height at which the air kept the plug, before it was compreſſed; and 
this, viſibly, at the fifth exfuction; and at the ſeventh, that mark was raiſed 
7+ above the edge of the cylinder. In the gage, where the mercury, in 
the open air, uſually ſtood, about an eighth above the uppermoſt glaſs- 


mark, it was depreſſed an eighth below the ſecond mark; and after we 
let in the air; it was a pretty while before the weight manifeſtly began to 
poſſeſſed in the 


fubſide. The bladder being taken out, and the place it had 
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cylinder being ſupply'd with a ſleeve, or ſome ſuch thing, and the weight 8 


laid again upon the plug; we found, that, at twenty-four exſuctions, the 
mercury was depreſſed to the loweſt mark of the gage; and the thirty- 
fourth, or thirty- fifth exſuction was made, before the receiver appear'd 
to be ſo exhauſted, as to ſtop the ſinking of the mercury, which was then 
above one eighth beneath the loweſt mark. But, having cauſed leaden- 
weights to be, purpoſely, caſt flat, and as broad as we could conveniently 
put into the receiver, that, by the advantage of this ſhape, we might be 
able to pile up the more of them, without much danger of their being 
ſhaken down; we laid ſeveral of them one upon another: and, then, the 
upper part of the receiver growing too narrow to admit any more; we 
added a weight, or two, leſs broad; when, exhauſting the receiver, till 
we perceiv'd, by the gage, that the air was manifeſtly withdrawn; we 
found, by the help of a mark, and a pair of compaſſes, the plug to be ſo 
far rais'd, that twas concluded, the elevation would have been much 
greater, if the included air had not found it eaſier to produce ſome leak 
at the neck of the bladder, than to lift up ſo great a weight; which was 
about a hundred pounds, averdupoize. ' 99 | 


49. We weigh'd a feal'd bubble in the receiver, and found it above half T5 Sew we 


a grain heavier when much of the air was exhauſted, than when it was 
full: aſterwards, we took out this bubble, and found it to weigh ſixty- 
eight grains and a half ; then, breaking off the ſmall tip of it under water, 
we found, that the heat, by which it was ſeald up, had rarify d its in- 
cluded air, ſo that it admitted a hundred and twenty-five grains of wa- 
ter: for the admitted water and glaſs weigh'd a hundred ninety- three 
ins and a half. 'Then, filling it full of water, we found it to contain, 
in all, ſeven hundred and thirty-nine grains; for it weigh'd eight hun- 
dred and ſeven grains and a half: whence, tis evident, that the difference 
between the weight of water and air, was leſs than 1228 and 1. We, alſo, 
weigh'd, in the receiver, a bubble, the glaſs of which amounted to ſixty 
ins; the air that fill'd it, weigh'd, in vacuo, of a grain; the water 
that fill'd it, weigh'd ſeven hundred twenty grains and a quarter: ſo that, 
by this experiment, the proportion of the weight of water to air, is as 
853 K to TI. 1 | 
pat it is ſo deſirable a thing, and may prove of ſuch importance, to 
know the proportion in weight betwixt air and water, that I ſhall here 
mention an attempt tI made to diſcover it by another way. 

A ſmall receiver, — exhauſted of air by the engine, and counter- 
pois'd; whilſt it continu'd ſo, the ſtop- cock was turn d, and the air re- 
admitted; —— made it weigh — grains more than before: and 
this happen'd, alſo, upon repeating the experiment. 

We: ear; took a Trmall glaſs-receiver, fitted with a ftop=cock ; and, 
having exhauſted it of the air, counterpoiz'd it, and let in the out- 
ward air; we found the weight of the veſlel to be increas'd, by that ad- 
miſſion, thirty-ſix _= This done, we took the receiver, after havin 
well counterpoiz'd it, out of = ſcale; and having apply'd it a ſeco 
* uu 2 time 
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ine, we once more withdrew the air; and then turning the 

out the external air, we took care that none of the ce- 

ment employ d to join it to the engine, ſhould ſtick to it : when, weighing it 

again, we It thirty-five grains heavier, than when twas laß coun- 

| _—_— in the ſame balance. Then we immers'd the ſtop-cock into a 
on of fair water, and let in the liquor, that we might find how much 


of it would ſucceed in the place of the air drawn out. When no more 


water was impell'd in, we turn d the ftop-cock once more, to keep it from 
falling out; and, then, weighing it in the ſame ſcales, we found the wa- 
ter to be forty-ſeven ounces three drams, ſix grains; which, divided by 
thirty-five grains, the weight of the air, equal in bulk to this water, the 


quotient, is, nearly, ſix hundred and fifty grains, for the proportion of 


warbles 


— 
2 
ig ow 


nd about three quarters, in diameter; and, having put a little oil be- 
wet 


weight between air and water, of the ſame bulk, at the time when the ex- 

periment was made: the atmoſphere then appearing, by the barometer, 

—— the mercury ſtood, at twenty- nine inches three quarters, to be very 
vy. | $% | | 

go. We took a pair of flat round marbles, each of them two inches, 


tween them, to keep out the air; we hung, at a hook faſten'd to the 


lowermoſt, a pound weight, to ſurmount the coheſion which the tenacity 
of the oil, and the imperfect exhauſtion of the receiver might give them: 
then, having ſuſpended them in the cavity of a receiver, by a ſtick that lay 
groſs it, and the engine being made ready to work, we ſhook it more ſtrong- 
ly than we concluded it would be by the operation; and, beginning to 
pulp out the air, we obſery'd the marbles to continue join'd, till it was 


o far drawn out, that we ſuſpected they would not ſeparate. But, at 
the ſixteenth ſtroke, upon turning the ſtop-cock, which let the air paſs 
out of the receiver. into the pump, the ſhaking of the engine being over, 


the marbles, ſpontaneouſly, fell aſunder; tho' they hung parallel to the ho- 


Fig. 67. 


it, 
” K. , 
c : . 


rizon, and adhered very firmly together, when they were put in: and tho* 
a weight, of above eighty pounds, faſten d to the lowermoſt marble, might 
be drawn up, together with the uppermoſt, by virtue of their firm co- 
But, faſtening to the lowermoſt of the two marbles, a weight of a very 
few ounces, and having cemented a capp d receiver, with the marbles in 
it, as before, to the pump; we, by means of a ftring, (whereof one end 
was tied to the bottom of the turn-key, and the other to the uppermoſt 
marble, and paſſing thro” the hook belonging to the $8) Gr and b 
turning round the key, drew up the upper marble; and, by reaſon of 
their coherence, the lowermoſt, alſo, together with the weight that hung 
at it. Being thus ſure that the two marbles ſtuck cloſe together, we began 
to pump out the air; and, after a while, the marbles fell aſunder. 
Bi, having ſo order d the matter, that the lower could fall but a little 
way from the other; we were able, by inclining and. ſha king the engine, 


ro place them t again: and, then, letting in the air haſtily, that, by 


its ſpring, it might preſs them hard together; we could not only, by 


turn» 
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annex d weight; but were oblig'd to make a much more laborious ex- 
hauftion of the air, to procure the disjunction of the marbles, this ſecond 
time, than was neceſſary to do it at the firſt. 

And, when the marbles were thus aſunder, and the receiver exhauſted, 
we did not let in the air, till we made them fall upon one another, as be- 
fore; but the little highly expanded air, that remain'd in the receiver, ha- 
ving not a {pring near ſtrong enough to preſs them together, we very eaſi- 
ly, by turning the key, rais'd the uppermoſt marble alone, without find- 
ing it to ſtick to the other. We, therefore, once more join d the marbles 
together, and, then letting in the external air, found them, afterwards, to 
ſtick ſo cloſe, that a very Rirong man could not ſeparate them. | 


51. Into a ſmall earthen meking-pot of a cylindrical figure, and well pun Thet wa 2. 
"without 


and a half in diameter, made red hot in the fire; and having —_ er- Air, ſhows 


pa- an att 4 
per, containing a convenient quantity of flowers of ſulphur, upon hd io mens. 


we convey'd a ſmall cylinder of iron, about an inch long, and an in 
hauſted the receiver, wherein we plac'd them, we let down a 


heated metal; whereby, the paper being immediately deftroy'd, the included 
fulphur would lie upon the iron, whoſe upper part was a little concave, to 


contain the flowers, when melted. But all the heat of the iron, tho it 


made the paper and ſulphur ſmoke, would not actually kindle either. 


Into a g ubble of a convenient ſize, furniſh'd with a neck fir for our 
ſe, we put a little flower of brimſtone, and having exhauſted the 


— 8, and ſecur d it againſt the return of the air; we laid it upon burnin 
coals, where the ſulphur did not take fire, but roſe to the oppoſite part 


the glaſs in the form of a fine powder; and that part being rurn'd down- | 
ward, and laid on coals, the brimſtone without kindling roſe again in the 
form of an expanded ſubſtance, which, when remov'd from the fire, was, 


for the moſt part, tranſparent like a yellow varniſh. 


52. To examine whether, when a heated iron would not keep the Tle ef of + 


air in the pre- 


melted brimſtone ſo hot, as was requiſite to make it burn, without air, or gn of fame» 


with very little, it would yet ſuffice to kindle the ſulphur, if the air had 


acceſs to it, we made two or three ſeveral trials; and found, that, if 
ſoon after the lame was extinguiſh'd the receiver were remov'd, the ſul- 


phur would preſently take fire again, and flame as vigorouſly as before. 


ut, we ſuſpected, that the agency of the air, in the production of the 


flame, might be ſomewhat leſs, than theſe trials would perſuade ; becauſe, 


by taking off the receiver, the ſulphur was not only expos d to freſh air, bur 
alſo e by a free liberty for the avolation of thoſe fumes, Which, 
Am | 


in a cloſe ve 
And, to try at 
fible to make ſulphur flame, by the aſſiſtance of an adventitious heat, we 


ight be unfavourable to the flame. 


repeated the ſame experiment; the pumping being continued for ſome time 
d quite extinguiſh'd, till 
the receiver was judg'd to be very well exhauſted: then, withour-ftirring 
the glaſs, we very warily let in a little air; upon which we could per- 

| | | ceive, 


after the flame of the melted brimſtone ſeem 


ow great a degree of rarifaction of the air, it was pof- + 


turning the key, make the uppermoſt marble take up the other, and the = 
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IA ceive, tho”. not a conſtant flame, yet ſeveral little flaſhes, as it were, diſ- 
Fx cloſe themſelves, by their blue colour, to be ſulphureous ; yer the air that 
had ſufficed to re-kindle the ſulphur, was ſo little, that two exſuctions 
drew it out again, and put an entire ſtop to the phenomenon. And, when 
a little air was cautiouſly let in again, the like aſhes began again to ap- 
pear; which, upon two exſuctions more, quite vaniſhed : tho', upon letting 
In a little freſh air, the third time, they, once more, re- appear d. 
wy 53. Having conveniently placed three or four grains of gun-powder in our 
d vacuo, by receiver, and carefully drawn out the air, we threw the ſun-beams, 
the ſuy's ners. united by a good burning-glaſs, upon the powder, and kept them there, 
for a conſiderable time, to little purpoſe; till, at length, the powder, in- 
ſtead of taking fire, only melted, like a metal. And this was not the only 
experiment we then made, which diſcover'd a great indiſpoſition, even in 
| powder, to be fir d in vacuo. | | 
By means of 5 4. We took a convenient weight of gun-powder, that was extraordinary 
r ftrong, and well made; and, having placed a red-hot iron in our receiver, 
that was capable of holding ſixteen pounds of water; when the air appear d, 
by the mercurial gage, to have been well exhauſted, we let down a ſmall 
piece of thin Pape, wherein the powder had been Pat till it reach'd the 
plate; by whoſe heat, we hoped, the paper would be deſtroy'd, and the 
powder made to go off. But, tho both of them had been previouſly well 
dry'd by the fire, no exploſion of the powder enſued ; yet there appear d, 
upon the N 4 0e-s a broad blue flame, ſurprizingly durable, and re- 
ſembling that of brimſtone. At length, taking off the receiver, we found, 
that the paper. contiguous to the iron, was, in part, deſtroy d by the heat; 
but moſt of the grains of fog, ponder ſeem'd unalter'd, and retain'd their 
1 be fir d, notwithſtanding the conſumption made of their brim- 
Upon repeating this experiment, we found no exploſion to be made for 
ſo long a time, that, thinking it in vain to wait, we let in the air; and, 
+ after we had, alſo, deſpair'd of any effect from hence, the powder ſud- 
_ denly went off, with a great flaſh, and a conſiderable ſhake 5 receiver, 
that was yet ſtanding on the engine: which ſhews, that ſuch experiments 
Jhould be made with caution ; for tho* this receiver would contain two gal- 
lons of liquor, the powder, here employ'd, weigh'd but one grain. 
glaſs, 55. Into a large ſtrong glaſs-bubble, we put a few ſmall corns of gun- 
air. powder ; . having carefully exhauſted the glaſs, and ſecured it againſt 
the return of the air, we put it upon live- coals, ſuperficially cover d with 
aſhes ; by t he heat whereof, the ſulphureous ingredient of the powder was, 
in part, kindled, and burn d blue for a pretty while, and with a flame 
confiderably great ; upon the ceaſing whereof, the powder, which, after 
all, did not take fire, appear'd to have ſent up, befides the flame, a large 
quantity of ſulphureous ſublimate, that ſtuck to the upper part of the 
glaſs: and, being held againſt a lighted candle, it exhibited — vivid 
« colours, like thole.of the rain-bow. | 


of deated 
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56. We took a ſmall, and very ſhort piſtol, and having well faſten'd it, n, 
with ſtrings, to a great weight, that was placed upon the iron- plate of 35 — 
our engine, we drew up the cock, and primed the pan with dry powder ; u, of fre 
then, over both the weight and piſtol, we whelm'd a receiver, capable of "** 


containing two gallons of liquor; and, having carefully cemented it on, 
we cauſed the air to be diligently pump'd out; having, before, put in a 
mercurial gage, to wy us to diſcern when it was well exhauſted. Laftly, 
ordering the pump to be plied, in the mean time, for fear ſome air ſhould 
ſteal in; we, by ſhortning a ſtring that was tied to the trigger of the 
piſtol, did all we could towards firing of the yore in the pan: but tho 
the pan were made to fly open, the powder did not go off; then, letting 
in air, and cocking the piſtol again, we drew out a little air, to be 
ſure that the receiver was cloſely cemented on; when, letting in the 
air at the top of the receiver, and ſtopping it in, we pull'd the trigger 
again: whereupon, tho there had been no new powder put into the pan, 
nor any left in it, but the little that remain d after the late trial; yet that 
little readily took fire, and flaſhd in the pan: which made it the more 
able, that, in the former trial, ſparks of fire had been ſtruck out, by 
the colliſion of the flint and ſteel. Beſides, in another trial, made, the ſame 
hour, in the ſame exhauſted receiver, a ſpark, or two, were ſeen to fly 
out, upon the falling of the cock. It appears, therefore, that, notwith- 
ſtanding the great indiſpoſition of gun-powder to be reduced into flame, 
in vacuo, yet even ſolid matter is not incapable of being fir d there, if put 
into a motion ſufficiently vehement. 2 


57. The rays of the ſun, being thrown upon ſome Aurum fulminans, pla- mes 


ced in an exhauſted receiver, made 2 off, and violently ſcatter about 
the cavity of the glaſs a yellowiſh duſt, 
air, made us look upon as particles of the gold, that was the principal 
ingredient of this odd compoſition. | tart; 
This experiment we repeated, long aſter, in another place, with-other 
veſſels, and found the like ſucceſs. And once, in the night-time, putting 
upon a heated iron, + of a grain of Aurum fulminans, of our own 
preparing, looſely tied up in a piece of thin paper, we found, that after the 
powder had lain long enough upon the iron, to be throughly heated, it 
went off all together, and with a conſiderable flaſh. 0 1 


wag Aurum 
which other trials, in the free in wcue. © * 


58. Upon a thick, metalline plate, we put a convenient quantity of flow- 2 
ers of ſulphur; and, having kindled them in the air, ſuddenly dame d on 
them into a receiver, and made haſte to pump out ſome of the included r. 


air; as ſoon as the pump began to be ply d, the flame appear d to be ſenſi- 
bly decay d; and continued leſs at every exſuction of the air; and, in ef- 
fect, expired before the air was quite drawn out. And, upon the ſudden, 
removal of the receiver, it only afforded, for a very little time, ſomewhat. 
more ſmoke in the open air, than it appear 'd to do before. „Hag az? 

59. Upon a larger cylinder of iro, than the former, made xedr-het, 
we let down a moderate lump of brimſtone, in a receiver moderately ex- 


hauſted; when, being kindled, it ſent up a great flame, with large-fup es. 
W-- 


Nr However, we ſtill ply'd the pump, drawing out, together with :the air, 
moch ſulphureous, —. — Gone ; — though the flame ſeem d 
ſomewhat gradually impair'd, yet it manifeſtly continued burning much 
longer than, by the ſhort duration of other flames in our receivers, one 
could And once, particularly, in making this experiment, the 
fame laſted, till the receiver was judg'd to be throughly exhauſted; and 
ſome thought it ſo ſurviv'd the exhauſtion, that ir went not out for want 
of air-fewel ; the brimſtone appearing, when we took off the receiver, ei- 
ther to have been conſumed by the fire that fed on it, or to have caſually 
ran off from the iron, the heat whereof had kept it conſtantly melted. 
A durable 60. Having obtain d a ſaline ſpirit, which, by an uncommon way of 


Lula i de. preparation, was made exceeding „and piercing, we put into a vial, 
capable of containing three or four ounces of water, a convenient quantity 
new filings of pure ſteel; which, being moiſten'd in the vial, with a 
little of the ſaline menſtruum, were, afterwards, drench'd with more; 
whereupon the mixture grew very hot, and yielded large and fetid fumes. 
And ſo inflammable was this ſmoke, that, upon the approach of a lighted 
.candle, it would readily take fire, and burn with a bluiſh, and ſomewhat 
-greeniſh flame, at the mouth of the vial, for a conſiderable time together; 
_ mec. with little light, yet with more ſtrength than one would ea- 

ly iu . | | 
This flaming vial, therefore, we convey'd into a receiver, which he who 
uſed to manage the pump affirni'd, would be exhauſted by about fix ex- 
ſuctions; and the receiver being well cemented on, upon the firſt ſuck, the 
flame ſuddenly appear d four or five times as great as before; becauſe, as 
we ſuppoſed, upon the withdrawing of the air, and, conſequently, the weak- 
ning of its preſſure, numerous bubbles were produced in the menſtruum; 
ich breaking, ſupply d the neck of the vial with inflammable ſteams; and 
theſe, we thought, took fire, with ſome noiſe. Upon the ſecond exſuction of 
the air, the flame blazed out, as before; and ſo it, likewiſe, did upon the 
third; but, after that, it went out: nor could we re-kindle any fire, by 
fuddenly removing the receiver; only we found, that there remain d ſuch a 
diſpoſition in the fmoke to inflammability, that holding a lighted candle to 

it, a flame quickly enſued. | 

i. . Having ſo united highly reftified ſpirit of wine with a prepared 
fer: metal, that they would afford a viſibly ting d flame; we put this mix- 
owes! ture into a finall glaſs lamp, furniſh'd with a very ſlender wieck, which 
the mixture would not burn, whilſt there was liquor enough left to moiſten it 
well; and putting thislighted lamp into a convenient part of a receiver, 
able to hold two gallons of water, we made hafte to cement on the glaſs 
to the engi * found not, in two or three ſeveral trials, that, aſter the 
pump begun te be work d, ſo little a quantity of ting d flame laſted more 
than half a minute. | (ct 
IWe-alſs obſexy'd, in repeating experiment, that when the flame 
.began to decay, the turn-key, being now and then drawn almoſt out, the 
ting d flame once" laſted a minute and half, and another time * 
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longer; that the turn key being, from the firſt, taken out, the flame laſted Provxaries. 


two minutes; that,. in the ſame caſe, a pipe being bedded in the cement, 
at the bottom of the glaſs, and at ends, each almoſt as big as 
the orifice fill d by the turn-key, the ting'd ſpirit ſeem'd to burn as if the 
flame would have lafted very long, had we permitted it; and laftly, that 
the orifice, at the top, being ſtopp'd with the + wap rv the pipe were 
left open at the bottom, it plainly, in a ſhort time, 'd greatly to de- 
cay, and ready to expire ; bur cauſing one to blow in gently at the pipe, 
with a pair of bellows, tho' this did not keep the flame vigorous, yet it 
continued alive for above four minutes; and then obſerving it to be mani- 
feſtly ſtronger than it was, when we began to refreſh it with the bellows, 
we ceas'd from blowing, and found, that tho“ the glaſs pipe was till left 
open, yet, within about one minute, the flame entirely vaniſſid. 


62. Eminent writers, both ancient and modern, tell us, without ſcru- Flame prefere'4 


ple, that naptha and camphire will burn under water; but Thad never 
the good fortune to ſee them do ſo ; and doubt, theſe writers deliver not 
what they affirm from experience. And tho, in celebrated authors, I have 
met with many compoſitions, that will not only burn under water, but be 
kindled by it; yet I found thoſe I have had occaſion to conſider, to be ſo 
lamely, or ſodarkly, and ſome of them, I fear, ſo falſely ſer down, that by 
the following compoſition, how {light ſoever it may ſeem, I have been able 
to do more than with things they ſpeak very promiſingly of. . 
We took of — three ounces ; of well burn d charcoal, one 
dram; of good ur or flower of brimftone, half a dram ; of choice ſalt- 
peter, a dram and half: theſe ingredients being reduced to powder, and 
diligently mix d without any liquor, we fill'd — gooſe-quill with it; 
for the kindling whereof, the open orifice of the quill, or pipe, was care- 
fully ftopp'd with a convenient quantity of the fame, made up with as 
little chymical oil, or water, as would bring it to a fit conſiſtence. This 
wild-fire we kindled in the air; and the quill, together with a weight 
to which twas tied, to keep it from aſcending, we ſlowly let down to a 
convenient depth, under water; where it would continue to burn, as ap- 
d by the great ſmoke it emitted, and other ſigns, as it did inthe air; 
auſe the ſhape of the quill kept the dry mixture from being acceſſible 

to the water, at any other part than the oritice ; and there the ſtream of 
fired matter iſſued out with ſuch violence, as inceflantly beat off the neigh- 
bouring water, and kept it from entering into the cavity that contain d 
— mixture, which, therefore, would continue burning, till twas conſu- 
med. 


o 


under wat er. 


63. In trying to kindle a combuſtible ſubſtance, in our exhauſted recei- 4, 044 


ver, it happen'd to fall beſide the iron, whereby our intended experiment 2 9 
was defoared); tbut whilft we were conſidering what was to be done on this 3 


occaſion, and had not yet let in the air, nor brought in the lights that 
were removed out of the room, we Were ſurprized to ſee ſomething burn 
like a pale, bluiſh lame, almoſt in the midſt of the cavity of the receiver; 
and, at firſt, ſuſpected it to be ſome deception of the fight: but, all the by- 

Vor. II. Xxx 4 ſtanders 
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ſtanders perceiving it alike, and obſerving that it grew very broad, we 
look'd at it with great attention, and found it to laſt much longer, than I 
remember to have ſeen any flame in an exhauſted receiver. I ſhould have 
expected that it proceeded from ſome brimſtone ſticking, unobſerv'd, to a 
rt of the iron we had formerly employ'd to kindle ſulphur, had we not, 


juſt before, kept it red-hot in the fire. But tho' we much wonder d whence 


| g ated with 
in Ya- 
cud, 


As attempt to 
22 —. 


Biadle 
wit bout obe 
of air. 


this flame proceeded, we did not haſten its extinction; and at length, when 
it expired of itſelf, we let in the air, and perceiy d, upon the concave part 
of the iron, which we judg'd to be the place where the flame had appear d, 
a piece of melted metal, ſuppoſed to have been faſten'd to the ſtring where- 
to the fewel we deſign'd to kindle, had been tied, in order to let it 
down the more eaſily ; and this made us conceive, that the ftring happen- 
ing to be burned, by the exceſſive heat of the iron, the piece of metal fell 
into the cavity of it; and, that by the ſame heat, the more combuſtible part, 
which the chymiſts call the ſulphur, was melted, and kept on fire, and 
continued burning, as we have related. The piece of metal was judg'd to 
be lead, but having not, formerly, obſerv'd ſuch a diſpoſition in lead, to 
be inflam'd, I conſider d it attentively, and perceiv'd, that twas ſome 
fragment of a mixture of lead and tin, that I caus'd to be melted in a cer- 
tain proportion. Upon this account, it ſeems, the mixture of the in- 
ents had acquired ſuch a new texture, as fitted the maſs to afford this 
odd phenomenon ; which argues, that there may be flames of metalline 
ſulphurs produced as eaſily, without the concurrence of the air, as that of 
common ſulphur ; and continue to burn longer than that in our va- 
cuum. 
64. Having placed our cylindrical plate of iron, firſt brought to be red- 
in a receiver, capable of containing two gallons of water ; and having, 
alſo, diligently pump'd out the air, we kindled a little ſulphur, upon the 
heated plate; and then a piece of dry'd ſpunck, tied to a firing, was let 
down to the lame. When the experiment was finiſh'd, and the Ipunck ta- 
ken out, we found it, in ſeveral places, not manifeſtly alter d ſo much as 
in colour ; and, in thoſe parts that had been moſt expos'd to the flame, it 
was turn'd to a ſubſtance very different from aſhes ; being black, and brit- 
tle as tinder, and, like that, exceedingly diſpoſed to kindle, upon the 
touch of fire. | | Ens 
65. Into the ſame receiver, we convey'd the ſame cylindrical plate of 
iron ; and, when the air had been thoroughly pump'd out, we let a piece 
of ſuch brimſtone down upon the hot iron, as would there kindle with 
the heat. A little above this ſulphur, we had tied to the ſame ſtring, a 


piece of camphire; that being a body exceedingly apt to take fire, or, as it 


were, to draw it at the flame of lighted brimſtone: but our ſulphur, melting 
with the heat of the iron, dropp'd from the ſtring twas faften'd to. As 
ſoon as it came to the bottom, where it was diſtant from the vehement 


heat of the metal, the flame expired; but a part of it, that happen d to 


ſtick to the ſide of the iron, was inflamed by it, and the flame reach d the 
eamphire, without being able to make it blaze. We. 
| We, 
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We, alſo, attempted to kindle one piece of ſulphur in vacuo, by the flame Prevuazies 


of another, tied a little lower on the ſame ſtring, that it might firſt touch 
the heated iron, and be thereby ſet on fire ; but tho” we could find no- 
thing amiſs in the kind of ſulphur, we then uſed, yet we were not able, 
even by a repeated trial, ro make it take fire upon the iron ; where, ne- 
vertheleſs, it melted, and ſeem'd, a little to boil. | 

A third trial was not ſo unſucceſsful ; for, having, in the receiver, well 
exhauſted, let down a card-match, upon a very hot iron, the lower ex- 
treme of it was kindled thereby. But though the ſulphurated part of the 
match thus flamed away, yet the remaining part, which was a mere piece 
of card, was not thereby turn'd into flame ; nor, in moſt places, ſo much 
2 _ ſcorch'd, or black'd, though it had been purpoſely dry'd be- 
ore-hand. 

66. Upon a paper, laid on a convenient part of the plate of the engine, 
we made a train 
then, carefully faſtening on the receiver, we exa 
which done, we took a good burning-glaſs, and, about noon, caſt the ſun- 
beams thro it, upon a part of the train; but the indiſpoſition of the pow- 
der to fire was ſo great, that it ſmoked, and melted, without going off. 


We afterwards employ'd a thinner, and more tranſparent receiver, which 


ſo little weaken'd the ſun's rays, that being kept obſtinately upon the ſame 


rt of the train, they were able to fire ſeveral parts, one after another, 


tho' they could not cauſe the flame to propagate ; only thoſe parts that were 


melted, did, at length, kindle, and fly away, leaving the reſt unalter'd : ſo : 


that I found ſeveral little maſſes of diſſolved matter, in ſeveral parts of 
the train, with the powder unchang'd in all the others. And ſome of theſe 
maſſes were contiguous to grains of the powder, which both appear d un- 
chang'd, and kindled readily, and flaſh'd all away, as ſoon as I caus'd the 
burning-glaſs to be applied to them in the open air. | 

67. For farther confirmation of ſo odd an experiment, I ſhall add, that to 
try whether by the help of one of thoſe little inftruments, wherewith the 
ſtrength of powder is commonly examin'd, we could find any difference 
made by the abſence and preſence of the air, in the reſiſtance of 
the inftrament, or the e of the powder on it; we faſten'd it 
to a competently heavy, and commodiouſly ſhaped weight of lead: and 
when twas carefully fill d, and primed with powder, we placed it in a 
receiver of a convenient bigneſs; whence we pumpꝰ d out the air after the 
uſual manner, tho', perhaps, with more than uſual diligence. But tho”, 
at length, after the powder had long reſiſted the beams of the ſun, thrown 
on it by a good double — it took fire at the touch- hole, and fill'd 
the receiver with ſmoke ; yet this kindled powder could not propagate the 
flame, to that which was in the box, how contiguous ſoever the parcels were 
to one another : though, when the inſtrument was taken ont 1nto the air, 
where the touch-hole appear'd to be free; as ſoon as ever new priming, 
with the ſame fort of powder, was put in, the whole very readily went off. 
And when we caus'd the inftryment to be new charged 3 and, upon its 
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CARY firing y at the touch- hole in the exhauſted receiver, order d new priming 
T to be added, without ſo much as taking the inftrument out of the 3 
tho, afterwards, this was clos'd again, but, without being exhauſted, the 
powder, cloſely ſhut up in the glaſs, readily went off; as well that which 
was in the box, or cavity, of the powder-tryer, as that which lay on the 
— part of it. And this experiment was repeated, with the like 
ſucce 8. "ONT ITY 

Two differen 68. A few corns of gun-powder, being included in a very ſmall bubble, 
— wed from air, and ſecured. againſt the return of it, and then apply'd 
kindle gun-yow- Warily to coals cover d with aſhes, did neither go off, nor burn; but af- 
Ger in waere. forded a little yellow powder, that ſeem d to be ſulphur, ſublimed to the 
upper part of the glaſs. But two larger bubbles, tho ſtrong, whereof 
one had the air but in part, and the other totally evacuated, being provi- 
ded, each of them, with a greater quantity of powder; a while after they 
were put upon quick-coals, they were both. blown to pieces, with a re- 
port almoſt like that of a muſquet: but, tho this was done in a dark 
place, yet we did not perceive any real flame produced, 11 
Experiments, 69. We put a ſpoonful of highly rectiſy' d ſpirit of wine, into a ſmall 
Ea glaſs-lamp, conveniently ſhaped, and purpoſely blown, with a very ſmall 
| air, aud the orifice, at which we thruſt in a {lender cotton-wieck ; we, alſo, provided 
| i of axtnaly a tall glaſs- receiver, in length eighteen inches, that coutain'd above twenty 
4 feſt, a» pints of water. This receiver, which was open at both ends, had its up- 

animal, inclu- . 2 . , . 
2:4 with th per orifice cover'd with a braſs-plate, faſten d on very cloſe with good 
flawe of ſpirit cement; and, for the lower | orifice, which was far the wideſt, we had 
2500 provided a braſs-plate, furniſh'd with a competent quantity of the cement 
we employ'd to keep the air out of the pneumatical engine; by means 
whereof, we could ſufficiently cloſe the lower orifice of our receiver, and 
hinder the air from getting in at it. We, then, lighted up the ſmall glaſs- 
lamp, and placed it, together with a green- upon the braſs-plate, 
and, in a trice, faften'd it to the lower orifice of the receiver, and then 
watch'd the — which nes; Gay; within 85 minutes, the — 58 
ter having, ſeveral times, alm appear d, was utterly extinguiſh'd : 
bur — tho, for a while, he ſeem'd to cloſe his eyes, as tho he 
were ſick; appear d lively enough, at the end of the third minute, when I 
caus d him to be taken out. | | "Ip 

After he had, by being kept in the free air, recover d, and refreſhd 
himſelf,” the former trial was repeated; and, at the end of the ſecond 
minute, the flame of the lamp went out: but the bird feem'd not to 
be endanger'd, by being detain'd a while longer. ” 
Aſter this, we put in, with the ſame —. lighted lamps at once, 
whoſe flames laſted not one whole minute, before they went out together; 
but the bird appear'd unhurt, after having been kept five or ſix times as 
long, before we took off the receiver. Ay: 

In the tall receiver, above-mention'd,, we included a mouſe, with a 
lighted lamp, fill'd with the ſpirit of wine; but, before the experiment was 
near ſiniſſi d, the mouſe, being at liberty within the glaſs, made ſhift to 


= 
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extinguiſh che flame; which, being revived, without taking out either the 
lamp, or che animal, the ſpirit of wine burned about a minute longer; 
during which time, the mouſe appear d not be grown fick, no more than 
when, for ſome minutes after extinction of the flame, he had been 
barn fame cloſe and infected air. r 
We, afterwards, placed the ſame monſe in another receiver, which 
ſeem' d lefs, by a third, chan the former; and in it we, alſo, fix d a piece 
of {lender wax-candle, which continu'd burning, in this receiver, but for 
one minute; and, during that, it emitted much ſmoke : the animal, ne- 
vertheleſs, appear d * even aſter we had kept him much longer in 
that infected air. And the ſame candle, without being taken out, was 
lighted again, but burned not ſo long as before; yet it ſufficed to darken 
the receiver, and, therefore, ably, x for cit © the included air : in. 


which, nevertheleſs, the mouſe being kept for eight or ten minutes longer, 
he appear d, neither when taken out, nor a while before, to have receiy'« 
any conſiderable harm from his detention. 
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70. We ineluded à green-finch, and à piece of lighted candle, in a The duration ef 
great capp'd receiver, capable of containing — gallons of water, and very 2 e 25 
carefully cemented on to the pump: in this glaſs, we ſuffer'd the candle to the As 
burn, till che flame expired, which it did within leſs than two minutes; d in 
vhilſt the bird ſeem'd to be in no danger of ſudden death; and, tho kept wee 


a while longer in that clogg d and ſmoaky air, he appear d well, when t 
receiver was remov'd. We, afterwards, put the ſame bird into the re- 
ceiver, with à piece of a ſmall wax-taper ; whoſe flame, tho it laſted. 
longer than the other, yet the bird out-liv'd it: and, twas judged, he 
would have done ſo, tho' the flame had been much more durable. After 
this, we included the ſame bird; with the former candle, in the receiver, 
which we had caus'd to be often blown into with a pair of bellows, to 
drive out the ſmoke, and infected air; and, then, beginning to pump, 
we found, that the flame began to decay more ſuddenly, and the bird to 
be much more diſcompos'd; than in the former experiments: but ſtill he 
furviv'd the flame, tho? not without convulſiye motions. 

We repeated the experiment with a piece of wax-taper, and the ſame 
bird, which, tho” caſt into dangerous ſymptoms, upon the gradual evacu- 
ation of the air, out-liv'd, not only the e, but the ſmoke too, that 
iſſued from the kindled wieck ; a circumftance that was, alſo, obſery'd in 
the preceding trial. Laſtly, having freed the receiver from ſmoke, and 
ſupply d it with freſh air; we put in, with the ſame bird, a piece of char- 
921 of about two inches in length, and half an inch in breadth, which, 
juſt before, had been well blown with a pair of bellows ; immediately 
pumping out the air, till none of the fire could be diſcern'd, and till it 
dem d irrecoverable, by the admiſſion of the outward air; which bein 
afrerwards, admitted, the bird was, indeed, very fick, yet capable of a 
wh quick recovery. And this experiment we, with the ſame animal, 
A 


re-kindled coal, made over again, with the ſame ſucceſs. : 
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f ther thong. vividly, eſpecially, one of 
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them, whoſe: light appear d' ſtrong, and ting d, as if it had been tranſ- 


e ien. mitted. thro a blue glaſs; theſe we laid upon a little plate, which we in- 


nous matter, in 


cluded in a ſmall receiver, of finer glaſs than ordinary; and, having re- 
moy'd the candles, that no other light mind eure that of the inſects, 
we waited in the dark, till it was conſpicuous, and then order d the air 
to be pump'd out; and, upon the very firſt Ra 3 opty there began'to be 
a diminution of the light, which grew gradually dimmer, as the air was 
more withdrawn; till, at length, it quite diſappear d. This darkneſs, 
having been ſuffer'd to continue a long while in the receiver, we let in the 
air again, Whoſe proſfoce reftor'd, at leaſt, as much light as its abſence 
had depriv'd us of. This experiment was repeated, with the addition of 
one more of thoſe inſects; when they all three gradually loſt their light, by 
the exhauſtion of the receiver, and regain'd it, by the return of the air. 
And here we let in the air by degrees, and with an interval or two; and 
obſery'd, that as the light was gradually diminiſh'd, upon withdrawing 
the air; ſo the returning ſplendor was gradually — — 
in upon the worms. Wel e er e N 
72. Iis known, that if glow-worms be kill d, whilſt they are ſhining, 
their luminous matter may continue. to ſhine long after tis taken — 
their bodies. And, having put ſome of that, we took out of the fore“ 
mention d inſects, upon a ſittle paper, and included it in the receiver we 
employ d; the candles being remov d; we perceiv d it to ſhine vividly, be- 
fore the pump was ſet on work; and, afterwards, to grow dimmer, by 
degrees, as the air was exhauſted, till, at length, it quite vaniſh'd: but it 
re- appear d 8 upon the air's return. This experiment was re- 
ated twice more, wit — ſame ſucceſs. But we took notice, that the 
luminous matter, after the air was let in, ſeem d not only to have regain d its 
former degree of light, but to have acquir'd a greater; as it once happen d, 
alſo, in the experiment made on the living worms. It was ſomewhat ſtrange, 
to obſerve, that ſo very ſmall a quantity of air, as we at firſt let iu, before 
the light revived, was ſufficient to make it become plainly viſible, tho" dim: 
in which tate it continu'd, till we thought fit to admit more air. 
73. Having, at another time, procured: two more of thoſe inſects, 
whereof one was judg'd to be as large as three ordinary ones; when we 
had brought them out of the country to London, the great worm appear d to 
be dead; wh finding him to retain a conſiderable degree of light, in the 
under part of his tail, we put him into the ſmall receiver, formerly men- 
tion'd, to try whether, after the death, of the animal, the ſhining matter 
would reta in its former properties; and, at the firſt ſtroke; cf the pump, 
the light. was not aboliſh'd, but continu'd vivid: and ſo it did, when the 
air being let in, and again withdrawn, the trial was made a ſecond time. 
4, afterwards, cauſed the receiver to be exhauſted, once or twice more; 
and, at length, perceiv d, that the light began to diminiſh, as the air was 
withdrawn ; and, at laſt of all, it ſo diſappear'd, that we could not ſee it : 
but, upon the re- admiſſion of the air, the light ſhone vividly, as before, if 
not more bright. | This 
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This experiment was repeated, with the ſame ſucceſs, and both times, nu Me 
the like happen d to the light of the dead one, and of the living one, that 
we included with it; tho' there was this diſparity betwixt them, that the 
luminous part of the dead worm appear'd much larger than that of the 
living one: and the light of the latter was of a very greeniſh blue; but of 
the former, a white yellow. | * 15 | 
74. A mouſe, weighing about three drams and an half, being put in Avinab weighs 
one ſcale of a very nice balance, wascounterpois'd, together with a ſtring, — - 
ut about his neck in a nooſe; and ſoon after, by drawing the ends of 
that, we ſtrangled him: when we judg'd him quite dead, we weigh'd him 
again; and, tho' nothing was ſeen to fall from him ; yet, contrary to the 
receiv'd tradition, that bodies are much heavier dead than alive, we found 
his weight diminiſh'd about 2 of a grain; which, probably, proceeded 
from the avolation of ſeveral ſubtile particles, upon his violent and convul- 
five ſtrugglings in death. 
Afterwards, in a larger balance, made for nice experiments, we took a 
very young kitten, between ten and eleven ounces in weight, and caus'd him 
to be ſtrangled on the ſame ſcale, wherein he had been put. But, being 
not immediately diſpatchd, as young animals of this kind are not eaſily 
deftroy'd for want of reſpiration; we found him, by that time he was 
quite dead, lighter, by four grains. 

75. Nature, having furniſh d water-fowl with a peculiar ſtructure of Experiments to 
ſome veſſels about the heart, to enable them, when they dive to fn me — 
f 2 . . Þ 5 re p rat ion 
ſuſpend, for a while, the act of reſpiration under water, without preju- wade upon 
dice; I thought fit to try, whether ſuch animals, would, much better than 
others, ſuſtain the want of the air in our exhauſted receiver. 

We put a full grown-duck into a receiver, whereof ſhe filld, about 
a third part; but was unable to ſtand in any eaſy poſture therein: then 
pumping out the air, tho ſhe ſeem'd, at firſt, to continue well, ſomewhat 
longer than a hen in her condition would have done; yet, within one mi- 
nute, ſhe appear'd much diſcompos'd, and, between that and the ſecond mi- 
nute, her convulſive motions encreaſed ſo much, that, her head, hang- 

- ing careleſly down, ſhe ſeemed to be juſt at the point of death; from 
which, we preſently reſcued her, by letting in the air. And, to manifeſt, 
that ir was not the cloſeneſs and narrownels of the 'veſlel, that produced 
this great, and ſudden change, we, ſoon after, included the ſame bird in 
the ſame receiver; and, having cemented it on very cloſe, we ſuffer'd her 
to ſtay, thus ſhut up with the air, five times as long as before, without per- 
ceiving her to be diſcompos d; and, ſhe might, probably, have continued 
longer in the ſame condition. 

76. Having procured a duckling, that was yet callow, we convey'd her 
into the ſame receiver, wherein the former had been included, and obſer- 
ved, that, tho, for a while, ſhe appear d not much diſorder d, whilſt 
the air was pumping out; yet, before the firſt minute was ended, the gave 
manifeſt ſigns of being much diſcompoſed : and the operation being conti- 
nued a while longer, convullive motions enſued ſo faſt, that, before the 
' 1 ſecond 
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ers minute” was erpired, we were oblüged to let in che nir, whereby 
ary th 7 903 | ne * 15 6A . 


1 my rebover d. en DE 7 10 wy v3 067 d e ag 
When the receiver was pretty well exhauſted, the included bird, ap- 
Prey manifeſtly bigger, than before the air was withdrawn, eſpecially a- 
t the crop ; tho that was very turgid before. We, alſo, kept the 
ſame duckling, in the ſame receiver, very cloſe, for above ſix minutes, 


Without perceiving her to grow: ſick upon her impriſonment ;: which, yet 


-- laſted above thrice the time, that before ſuſficed to reduce her to a gaſp- 


Wen vipers, 


It not being intended, that water-fowl, ſhould, any more than other 
birds, live in an exceeding raritied air, but, only be able to continue, up- 
on occhſion, under water, it may ſuffice,” that the contrivance of theſe 
parts relating to reſpiration, be barely fitted for that purpoſe. 0. 
Vipers being endowed with tho of a di ſtructure from 
thoſe of other animals; and their blood being, as to ſenſe, actually cold; 
I thoughi, -it might be worth trying, what effect the abſence of the air 
would have upon them. 221 A 
77. Jan. 2. We included a viper in a ſmall receiver, and as we drew 
out the air, ſhe began to ſwell, and aſſorded us theſe phenomena. 


1. It was a long while after we had: left pumping, before the began t 


3 ſwell, ſo much as forced her to ape, which, afterwards, ſhe did. | 


2. She continued, above two hours and a half, in the exhauſted receiver, 


without giving clear proof of her being killed. 


3. After the was once ſo ſwelled, as to be compell'd to open her jaws, 
The appear d ſlender and lank again; and yet, very ſoon after, appear d 
ſwell'd again, and had her jaws disjoin'd as before. | 
78. Including a viper in a ſmall receiver, we emptied it very carefully; 
when the viper moved up and down within, as if it were to ſeek for air; 
and, after 4 while, foamed aà little at the mouth, and left of the foam, 
Kicking to the infide of the glaſs: her body ſwelled, not conſiderably, and 
her neck leſs, till a pretty while aſter we had left off p Ing but af- 
terwards the body and neck grew prodigiouiſly 'tumid, and a bliſter ap- 
pear'd upon her back. An kour-and an half after the receiver was ex- 
Hauſted, che diſtended viper, gave, by motion, manifeſt ſigns of life; but, 
e obferved none afterwards. The tumor reach'd to the neck, but did 
not ſeem match to well the under- jaw. Both the neck, and a great part of 
the throat, being held bet wixt the eye and the candle, were tranſparent, 
where the ſcales did not darken them. The jaws remain'd mightily 
open'd,” and ſomewhat diftorted ; the Epiglortis, with the Rimula Laryngis, 
(Which remain'd gaping) was protruded almoſt to the further end of the 


under. Ns it were, from beneath the Epiglomit, came the black 
tongue, and reached beyond it, but ſeemed, by its poſture, not to have a- 
ny life; and the mouth alſo was grown blackiſh within but, the air being 


re- admitted, after twenty-three hours in all, the viper's mouth was pre- 


ſently cloſed, tho, Toon after, it was opened again, and continued long 


ſo; whiltt-ſeorchin or pinching the tail, made a motion in che whole body, 


chat argued ſome lite. 79. April 
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79. F pril 25. We included an ordinary, harmleſs ſnake, 2 4 8 


A gage, 
gain the ingreſs of the air, was laid aſide in a quiet place, where it con- 
tinued — a ten or eleven a-clock in the forenoon, till about nine the 


next morning : and then, looking upon the ſnake, though he ſeemed to be 


dead, and gave no ſigns of life, upon the ſhaking of the receiver, yet, upon 
holding the glaſs, at a convenient diſtance, from a moderate fire, he, in a ſhore 
time, Sanifeſted himſelf alive, by ſeveral tokens ; and even by RG on his 
forked tongue. In this condition I left him, and came not to look upon 
him again, till the next day, early in the afternoon; at which time, he was 
grown paſt recovery, and his jaws, which were formerly ſhut, gaped ex- 
ceeding wide, as if they had been ftretched open by ſome external vio- 
lence. 


air, and left her not very much ſwell'd, and able to move her throat ; tho? 
not ſo faſt as when ſhe breathed freely, before the exſuction of the air. 
She continued alive for about two hours, that we took notice of, ſometimes 
removing from one ſide of the receiver to the other; ſhe ſwell'd more 
than — oy and did not appear, by any motion of her throat, or thorax, 
to exerciſe reſpiration ; but her head was not very much ſwell d, nor her 
mouth forced open. After ſhe had remained there above three hours, per- 
ceiving no ſign of life in her, we let in the air, upon which the tumid bo- 
dy ſhrunk very much, but ſeemed not to have any other change wrought 
in it; and tho we took her out of the receiver, yet, in „ 
continued to appear ſtark dead. But, having cauſed her to be laid upon 
the graſs, in a garden, all night, we found her, the next morning, per- 
fectly alive again. 

81. June 29. About eleven of the clock in the fore-noon, we put a frog 
into a {mall receiver, containing about fifteen ounces, and one quarter, troy- 
weight, of water; out of which we had, tolerably well, drawn the air: 
(fo that when we turn d the cock under water, it ſuck d in about thirteen 
ounces, and one quarter, of water,) the irog continued, the receiver being all 
the while under water, lively, till about five of the clock in the afternoon, 
when ſhe expired. At the firſt ſhe ſeemed not to be much alter d by the 
exſuction of the air, but continued breathing, both with her throat and 


1 | 
pr Sept. 6. We included into a pretty large receiver, two frogs newly 
taken ; one not above an inch long, and proportionably lender ; the 
other, very large and luſty. Whilſt the air was drawing out, the leſſer fr 
Skipp'd up and down very lively, and, ſeveral times, clamber'd up the ſides of 
the receiver, ſo that he ſometimes wreſted himſelf againſt the ſides of the 
glaſs. When his body ſeemed to be perpendicular to the horizon, if not in 
a reclining poſture, he continued to skip up and down a while, after the 
exſuction of the air; but, within a er of an hour, we peroeived him to lie 
ſtark dead, with his belly upwards. The other frog, that was very large 
2 tho he began to ſwell much upon withdrawing the air, and 
Vor. Yyy ſeemed 


in a portable receiver, which, being exhauſted, and well ſecured a- Tk. 


80. Spt.. We included a large, luſty frog, in a ſmall receiver, drew out the Frogs 
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Przmxcaniceſcemed to be diftreſs'd, yet he held out half an hour; when it was remark- 
.de, that the receiver, though it had withſtood the preſſure of the out- 
ward air, during that ſpace, notwithſtanding a piece of it had been crack'd 
out, but cemented in again, yet at the end of the half hour, the weight of 
_the 13 air ſuddenly beat it in, and thereby gave the impriſon d frog 
relief. | | 
83. $pt.11. Weconvey'd a ſmall frog into a very ſmall portable receiver, and 
began to pump out the air. At firſt ſhe was lively, but when the air was 
conſiderably withdrawn, ſhe appear d to be very much diſquieted ; yet not 
fo, but that, after the operation was ended, and the receiver taken off, ſhe 
was perfectly alive, and continued to appear ſo, for near an hour, tho the 
abdomen was very much, and the throat ſomewhat extended ; the latter ha- 
ving, alſo, left oft the uſual panting motion, which is ſuppoſed to argue 
and accompany the reſpiration of frogs. At the end of about three hours and 
a quarter, the removal of the receiver from the pump, the air was 
let in; whereupon the abdomen, which, by that time, was ftrangely 
ſwell'd, not only ſubſided, but ſeemed to have a great cavity in it, as the 
throat, alſo, proportionably had ; which cavities continued after the frog 
was gone paſt all recovery. | 
84. April 14. A large frog was convey'd into a plated receiver, and the 
air being withdrawn, her body, by degrees, diſtended. The receiver, with 
the gage, was kept under water near ſeven hours; at the end of which, I 
found it tight, but the frog dead, and exceedingly ſwell'd : upon letting in 
the air, ſhe became more hollow and lank than ever. | | 
85. We took a kitling one day old, and put him into a very ſmall recei- 
ver, that it might be the ſooner exhauſted ; and within about one minute 
after the air firſt began to be withdrawn, the little animal, which, in the 
mean time, gaſped for life, and had ſome violent convulſions, lay as dead, 
with his head downwards, and his tongue out; but, upon letting in the air, 
he, in a trice, ſhew'd figns of life ; and, being taken out of the receiver, 
quickly recover'd. We then ſent for a kitling of the ſame litter, which be- 
ing put into the ſame receiver, quickly began, likethe other, to have convul- 
fions, and after tolie as dead ; but, obſerving very narrowly, I perceived 
ſome little motions, which made me conclude him alive. And accordingly, 
tho* we continued pumping, and could not perceive that the engine leaked, 
the kitling began to ſtir again, and, after a while, had ftronger and more 
general convulſions than before ; till at the end of full fix minutes after the 
exſuction of the air was begun, the animal ſeeming quite dead, the outward 
air was re-admitted into the receiver ; which not reviving him, as it had 
done the other, he was taken out of the veſſel, and lay with his mouth open, 
and his tongue lolling out, without any ſenſible reſpiration and pulſation ; 
till having order d him to be pinched, the pain, or ſome internal motion, 
produced by the external violence, made him, immediately, give manifeſt 
figns cf life; tho* there was yet no ſenſible motion of the heart, or lungs : 
but afterwards gaping, and fetching his breath in an odd manner, and with 
much ſtraining, as I have ſeen ſome feetus's do, when cut out of the womb, 


he, 
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he, by degrees, within about a quarter of an hour, recover d. We, after- WY | 


wards, ſent for another, kitten d at the ſame time; and inclofing that, 
alſo, in the receiver, obſery'd the violent convulfiab, and, as it were, 
gal ing for breath, into which he began to fall, at the ſecond or third 
ck, ended in a ſeeming death, within about a minute and a half. Bur, 
cauſing the pump to be ply d, the kitling gave manifeſt ſigns of life, after 
he had endured ſeveral convulſions, as great as thoſe of the firſt fit; if not 
greater. When ſeven minutes, from the beginning of the exhauſtion, 
were compleated, we let in the air ; upon which, the little creature, that 
ſeem'd ſtark dead before, made us ſuſpect he might recover : but, tho we 
took him out of the receiver, and put Aqua Vite into his mouth, yet he, 
irrecoverably, died in our hands. 

86. To determine the quantity of air harbour'd in the pores of fluids, 
ſeems as difficult as it would be uſeful. To ſhew how little the air, con- 
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ally harbour d in 


tain d in water, would appear to leſſen the bulk of the water, if it were — == of wa- 


ſuffer d to fly away in an open tube; we let it eſcape, in an exhauſted re- 
ceiver, Without any artifice to catch it : in which trial, the water did not 
part with any thing of its bulk, that made a diminution ſenſible to the 
eye. We, therefore, endeavour d to make this loſs viſible, by ſome other 
experiments. 

A glaſs-tube, ſeal'd at one end, and about thirty-ſix inches in length, 
being fill'd with water, and inverted into a glaſs-veſſel, not two inches in 
diameter, and but a quarter of an inch, or little more, in depth; the 
glaſſes were convey'd into a fit receiver, and the air leiſurely pump'd out, 
and ſomewhat ſlowly re-admitted ; when, the numerous bubbles, that had 
aſcended, during the operation, conſtituted, at the top, an aerial aggre- 

te, amounting to +5, wanting about an hundredth part of an inch. - 

87. Preſently after, another tube was fill'd with the ſame water, and 
inverted ; when, the water, being drawn down to the ſurface of that 
in the vellel, and the air let in again, the water was impell'd up to the 
very top, within a tenth, and half a tenth of an inch. 

he latter tube was forty-three inches and a half above the ſurface of 
the ſtagnant water; the air, collected out of the bubbles, at the top of 
the water, was, the firſt time, above three quarters of an inch; and the ſe- 
cond time we eſtimated it, at one half, and one ſixteenth. The firft time, 
the water, in the pipe, was made to ſubſide full as low as the ſurface of 
the ſtagnant water ; the ſecond time, the loweſt that we made it ſubſide, 
— to be four or five inches above the ſurface of the water in the open 
veſſel. | 
Bur the air, at the top of the tube, poſſeſs d more room than its bulk ab- 
ſolutely required; becauſe it was ſomewhat defended from the preſſure of 
the atmoſphere, by the weight of the ſubjacent cylinder of water, which, 
perhaps, was about three or four feet long. | 

88. We provided a clear round glaſs, furniſh'd with a pipe, or ſtem, 
about nine inches in hogs ; the globular part of the glaſs being, on the 
outſide, about three inches and a half in diameter: the pipe of this glaſs 
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dier was, within an inch of the top, melted at the flame of a lamp, and drawn 
out, for: two or three inches, as ſlender as a crow's — 3 that the de- 
creaſe of the water, upon the receſs of the air, harbour 'd in its pores, 
might be the more eaſily obſerv d, and eſtimated. Above this ſlender part 
of the pipe, the glaſs was, nearly, of the ſame ſize with the reſt of the 
ipe ; that the aerial bubbles, aſcending thro the ſlender part, might there 
— room to break, and ſo prevent the loſs of any part of the water. 
This veſſel ng Sec, till the liquor reach d to the top of the ſlender 
ne part; where, not being uniformly enough drawn out, it was ſomewhat 
broader than elſewhere ; we convey d the glafs, together with a pedeſtal 
for it to reſt upon, into a tall receiver; — pumping out the air, there 
diſcloſed themſelves numerous bubbles, aſcending nimbly to the upper part 
of the , where they malle a kind of froth: but, by reafon of the 
figure of the veſſel, they broke at the top of the ſlender part, and ſo never 
came to overflow. | | 
This done, the pump was ſuffer'd to reſt a while, to give the aerial 
particles, lodg d in the water, time to ſeparate themſelves, and emerge: 
when, the pump was pl d again. Theſe viciſſitutes of pumping, and reſt- 
ing, laſted for a 


erable time ; till, at length, the bubbles began to 
be very rare: ſoon after which, the external air was let into the receiver; 
when, it appear d ſomewhat ſtrange, that, notwithſtanding ſo great a mul- 
titude of as had eſcaped out of the water, I could not, by atten- 
tively comparing the place where the ſurface of the water reſted at firſt, 
(to which a mark been affix'd) with that where it now ſtood, diſcern 
the difference to amount to above an hair's breadth : and the chief opera- 
tor in the experiment profeſs d he could perceive no difference at all. 

89. Filling a glaſs of the ſame ſhape, and much of the ſame bigneſs as 
the former, with claret-wine, and, placing it upon a convenient pedeſtal, 
in a tall receiver, we caus d ſome of the air to be pump d out; where- 
upon there emerged, thro the ſlender pipe, ſo very great a multitude of 
bubbles darted, as it were, upwards, as both sd and ſurpriz'd 
us; but fore d us to go warily to work, for fear the glaſs ſhould break, 
or the wine overflow: wherefore, we, ſeaſonably, left off pumping, be- 
fore the receiver was near exhauſted, and ſufter'd the bubbles to ger 
away as they could, till the danger was paſt : then, from time to time, 
we pump'd a little more air out of the receiver; the withdrawing a 
moderate quantity of air at a time ſufficing, even at the latter end, to 
make the bubbles copiouſly and ſwiftly afcend, for above a quarter of an 

The little inſtrument made uſe of in theſe experiments, being deſign'd 

to examine, 2 things, the quantity of bubbles lurking in ſeve- 
ral liquors, may be apply d to ſpirit of wine, and chymical oils. And 


ſome circumſtances of our trials made us think, that {it might be worth 
r what kind of ſubſtance may be obtain d by this way of treat- 


wg 


and ſpirituous corpulcles. 
An 
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90. An oyſter, being put into a very ſmall receiver, and kept there long ler 


1 to have, ſucce rely, kill'd three or four birds, or beaſts, &c. was 
not thereby kill'd, nor, 


the two ſhells, broke out at their commiſſure ; as we concluded from the 
foam which, at thoſe times, came out all around that commiſſure. About 
twenty-four hours after, I found, that both this oyſter, and another, that 
had been put, at the ſame time, into the receiver, were alive. 

On the ſame day we put a pretty large craw-fiſh into a large re- 
ceiver, and found, that tho he had been before injur'd by a fall, yet he 
ſeem'd not to be much incommoded, by being included, till the air was, 
in great meaſure, pump'd out; and then his former motion preſently ceas'd, 
and he lay as dead, till, upon letting in a little air, he ſoon began to 
move afreſh ;- and, upon withdrawing the air again, he preſently, as be- 
fore, became moyeleſs. Having repeated the experiment two or three 
times, we took him out of the receiver, when he appear'd not to have ſuf- 
fer'd any harm. 

91. Having put an oyfter into a vial, full of. water, before we included 
it in the receiver, that thro' the liquor the motion of the bubbles, ex- 
ed from the fiſh, * be the better ſeen, and conſider d; this oyſter 
rov d ſo ftrong, as to keep itſelf cloſe ſhut, and repreſs'd the eruption 
of the bubbles, that, in the other, forc the ſhells, from time to 
time ; and kept in its own air, as long as we had occaſion to continue the 
trial. 

92. A craw-fiſh, that was thought more vigorous, being ſubſtituted in 
the place of the former craw-fiſh, tho* once he ſeem'd to loſe his motion 
together with the air; yet, afterwards, he continu'd moving in the re- 
ceiver, in ſpight of our pumping. 


93. We took a receiver, ſhaped almoſt like a bolt-head, containing near 4 fe in 
a pint; and the globular part of it, being almoſt half full of water, we aer — 


put into it, at the orifice, a ſmall gudgeon, about three inches long; 
which, when it was in the water, ſwam nimbly up and down therein : 


then, having drawn out the air, ſo that about nineteen parts of twenty, 


or more, were exhauſted ; we ſecur'd the return of the air from injuring 
our experiment, | X 

Now the neck of the glaſs, being very long, tho* there appear'd nu- 
merous bubbles all about the fiſh ; yet the reſt of the water, notwith- 
ſtanding the withdrawing of ſo much air, emitted no froth, and but few 
bubbles. 

The fiſh, both at his mouth and gills, for a long time, diſcharg'd ſuch a 
quantity of bubbles, as appear'd ſtrange ; and for about an hour, 
whenever he reſted a while, new bubbles would adhere to many 


his body, (as if they were generated there) eſpecially about the fins and 
tail; ſo that he would appear almoſt beſet with bubbles: and if, being 


excited to ſwim, he was made to ſhake them off, he would quickly, upon a 
little reſt, be beſet with new ones, as before. 


Almoſt 


<P 


or ought we could perceive, conſiderably di- exhax 
ſturb d; only at each ſuck we perceiv d, that the air, contain'd between 


E * 


$34 Phy ſico-mechanical Experiments. 
Piri, Almoſt all the while, he would gape, and move his gills, as before he 
vas included; tho, towards the end of the time, I watch'd him, he often 

neither took in, nor emitted any aerial particles that I could perceive. 
After a while, he lay almoſt conſtantly with his belly upwards ; and, 

et, would, in that poſture, ſwim briskly, as before. Nay, ſoon after, 
he ſeem'd to be more lively than at firſt putting in. v7 fy 

In about an hour and a half after he had been ſeal'd up, I found 

him almoſt free from bubbles, with his belly upwards, and ſeeming 
ſomewhat tumid, yet lively as before. But, an hour and a quarter after 

that, he ſeem'd to be moveleſs, and ſomewhat ſtiff; yet, upon ſhaking the 

glaſs, obſerving faint ſigns of life in him, by ſome languid motions he 

attempted to make, when excited; I open'd the receiever, under water, 

to try if that liquor, and air, would recover him; when, the external wa- 

ter ruſhing in, till it had fill'd the vacant part of the ball, and the greateſt 

part of the ſtem, the fiſh ſunk to the bottom of it, with a greater appear- 

ance than ever of being alive : in which ftate, after he had continu'd a 

pretty while, I, by the help of the water he ſwam in, got him thro' the 

ipe, into a baſon of water, where he gave more manifeſt ſigns of life. 

ut, yet, for ſome hours, he lay on one ſide. or other, without being 

able to ſwim, or reſt on his belly, which e very much ſhrunk in. 

All the while he continu d in the baſon of water, tho* he mov d his gills, 

as before he had been ſeal'd up; yet I could not perceive, that he did, 

even in his new water, emit," as formerly, any bubbles; tho, two or 

three times, I held him by the tail in the air, and put him into the water 

again ; where, at length, he grew able to lie conſtantly upon his belly; 

o that retain d much of its former lankneſs. And he lived, in the baſon, 

eight or ten days longer; tho ſeveral gudgeons, ſince taken, died there, 

in a much leſs time. | 

Two animals, 94. Sept. 12. A ſmall bird, having the abdomen open'd almoſt from 
flank to flank, without injuring the guts, was put into a little receiver, 
and the pump being ſet a-work, continued, for tome little time, without 
xy giving any ſigns of diſtreſs; but at the end of about a minute and an half 
n, from the beginning, ſhe began to have convulſive motions in the 
wings; and, tho* the convulſions were not univerſal, or appeared violent, 

as is uſual in other birds when the air is withdrawn, yet, at the end of 

two full minutes, letting in the air, and then taking off the receiver, we 

found the bird irrecoverable, tho' there appear d no notable alteration 

in the lungs; and the heart, or, at leaſt, the auricles of it, continued 

beating for a while after, | 

95. We took, alſo, on the ſame day, a pretty large frog, and having, 
without violating the lungs, or the guts, made two ſuch inciſions in the 
abdomen, that the two curl'd bladders, or lobes of the lungs, came out, 
almoſt totally, at them; we ſuſpended the frog, by the legs, in a ſmall re- 
ceiver, and, after we had pump d out a large part of the air, the animal 
ſtruggled very much, and ſeem'd to be much diſorder d; and, when the 
receiver was well exhauſted, ſhe lay ſtill, for a while, as if ſhe ho 7 
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dead; the abdomen and thigh being very much ſwell'd, as if ſome rarify d 


air, or vapour, forcibly diſtended them. But as, when the frog was put in, 
one of the lobes was almoſt full, and the other almoſt ſhrunk up; ſo they 
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continu'd to appear, after the receiver had been exhauſted : but, upon 


letting in the air, not only the body ceas'd to be tumid, but the plump 


bladder appear'd, for a while, ſhrunk up as the other; and the receiver 


being remov'd, the frog preſently revived, and quickly began to fill the 
lobe again with air. f 

96. The heart of an eel being taken out, and laid upon a plate of tin, 
in a ſmall receiver; when we perceiv'd it to beat there, as it had done 
in the open air, we exhauſted the veſſel, and ſaw, that tho the heart 
grew very tumid, and, here and there, ſent out little bubbles, yet it 
continued to beat as manifeſtly as before, and ſeemed to do ſo more ſwift- 
ly; as we ny counting the pulſations it made in a minute, whilſt it 
was in the exhauſted receiver, and when we had re-admitted the air, and 
alſo, when we took it out of the glaſs, and ſuffer'd it to continue its mo- 
tion in the open air. The heart of another eel, being, likewiſe, taken out, 
continued to beat in the empty'd receiver, as the other had done. 

97. The heart of another eel, after having been included in an exhauſted 
receiver, and then accurately ſecured from leaking, tho it appear'd very 


„ 


Tbe motion ef 
the ſeparated 
heart of a cola 
animal in the 
exhauſted re- 


cerver, 


tumid, continu'd to beat there an hour; after which, finding its motion 


very languid, and almoſt ceas'd ; by breathing a little upon that part of 


the glaſs where the heart was, it y__ regain'd motion, which I obſerv'd 


a while; and, an hour after, finding it almoſt quite gone, I was able to 
renew it, by the application of a little more warmth, At the end of the 
third hour, a bubble, that appear'd to be placed between the auricle and 
the heart, ſeem'd to have, now and then, a little trembling motion ; but 
it was ſo faint, that I could no more, by warmth, excite. it, ſo as plainly 
to perceive the heart to move: wherefore, I ſuffer*d the outward air to 
— in, but could not diſcern, that, thereby, the heart regain'd any fen- 
ſible motion, tho' aſſiſted with the warmth of my breath and hands. 

98. Sept. 10. A green- finch, having his legs and wings tied to a 9 
was gently let down into a 2 body fill'd with water; the time of his 
total immerſion being mark d. At the end of half a minute after that time, 


again, he was found quite dead. 

A ſparrow, very luſty and quarrelſome, was tied to the ſame 
weight, and let down after the ſame manner ; but tho' he ſeem'd to be 
more vigorous under water than the other bird, and continued ſtruggling 
almoſt to the end of half a minute, from the time of his total immerſion ; 
(during which, there aſcended, from time to time, large bubbles from his 
83 yet, being drawn up as ſoon as ever the half minute was com- 
pleated, we found him, to our wonder, irrecoverably gone. | 

99. A ſmall mouſe, being held under water by the tail, emitted, from time 
to time, ſeveral aerial bubbles out of his mouth; and, at laſt, as hors man 

tor affirm'd, at one of his eyes; being taken out, at the end of half a mi- 

& nute, 


be e 

drowning, or 

the ſtrugglings of the bird ſeeming finiſh'd, when being fuddenly drawn up — of 
_— 
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unter nute, and a few ſeconds, he yet retain'd ſome motions : but they prov'd 
only convulſive ones, which, at laſt, ended in death. | 
100. We ſo tied a conſiderable weight of lead to the body of a duck, as 
not to hinder her reſpiration, yet keep her under water; whieh we had 
found a ſmall weight unable to do, by reaſon of her ſtrength ; and even 
a great one, if ty d only to her feet, in ſuch a middle-fized veſſel as ours 
wasz becauſe of the height of her neck and beak. With this clog, the 
duck was put into a tub full of clear water, under the ſurface whereof, ſhe 
continued quietly for about a minute; but afterwards began to be much 
diſturb d: the ſit being over, and perceiving no motion in her, at the end 
of the ſecond minute, we took her out of the water; and, finding her in a 
pou condition, after we had allow'd her ſome breathing-time, to recruit 
rſelf with freſh air, we let her down again into the tub, which, in the 
mean time, had been fill'd with freſh-water ; left the other, which had been 
troubled with the fteams and foulneſs of the body. of the animal, might 
either haſten her death, or hinder our iving what ſhould happen. 
The bird being thus under water, after a while, began, and, from time 
to time, continued to emit bubbles at her beak. There, alſo, came out at 
her noſtrils ſeyeral real bubbles, from time to time; and when the ani- 
mal had continued about two minutes under water, ſhe began to ſtruggle 
much, and to endeavour either to em or change re; 
latter of which, ſhe had libetty to do, but not the former. er four mi- 
nutes, the bubbles came much more ſparingly from her: then, alſo, ſhe be- 
gan to gape, from time to time; which we had not obſerv'd her to do be- 
ore, but without emitting bubbles ; and ſo ſhe continued gaping till near 
the end of the ſixth minute; at which time all her motions, ſome whereof 
were judg'd convulſive, and others that had been excited by rouzing her, 
appear'd to ceaſe, and her head to hang careleſly down, as if ſhe were 
quite dead. Notwithſtanding which, we, for greater ſecurity, continued 
her under water a full minute longer; and then, finding no ſigns of life, 
we took her out ; when, being hung by the heels, and gently preſs'd in 
convenient places, ſhe was made to void a conſiderable quantity of water: 
but whether any of it had been received into the lungs themſelves, we 
wanted time and opportunity to examine. All the means we uſed to re- 
cover the bird, proving in we concluded, ſhe had been dead a full 
minute before we removed her out of the water: ſo that, even this water- 
fowl, was not able to live in cold water, without taking in freſh air, above 
. petent weight ty'd toher legs, was let d 
101. ing, having a com t weight ty'd to , was let down 
into a tub of — which reached not — * or — Ka her beak : 
——_— moſt part of her continuance wherein, there came out nume- 
_— 
er 


ubbles at her noſtrils; but there ſeem d to proceed more and great- 

„from a certain place in her head, almoſt equi-diſtant from her eyes, 
tho ſomewhat leſs remote from her neck than they. Whilſt ſhe was kept 
in this condition, ſhe ſeem d, frequently, to endeavour at diving lower 


under water ; and, after much ſtruggling, and frequent gaping, ſhe 2 
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veral convulſive motions, and then let her head fall down backward, with CART 
her throat upwards. To this moveleſs poſture ſhe was reduced at the end 

of the third minute, if not ſooner ; but, a while after, there appear'd a ma- 

nifeſt tremulous motion in the two parts of her bill; which continued for 

ſome time, and was, perhaps, convulſive: but this alſo, ceaſing, at the 

__— the fourth minute, the bird was taken out, and found irrecove- 

rable. 

102. A viper, that we kept in an exhauſted receiver, till concluded 
to have been quite dead, was, nevertheleſs, not thrown away, till IJ had 
try d what could be done, by —_ all night in a glaſs-body, and 
a warm digeſtive furnace : upon which, this viper was found, the next 
morning, not only reviv'd, but very lively. | 

We, therefore, put her into a tall glaſs-body of water, fitted with a cork to 
its orifice, and depreſs'd it with a weight, ſo that ſhe could have no air. In 
this caſe, we obſerv'd her, from time to time; and, after ſhe had been duck'd 
a while, ſhe lay, with —_—_ motion, for a conſiderable time. After 
an hour and a quarter, ſhe often put out her black tongue : at the end of 
near four hours, ſhe appear'd lively; and, as I remember, about that time, 

alſo, put out her tongue; ſwimming, all this while, as far as we obſerv'd, 
above the bottom of the water. At the end of about ſeven hours, or more, 
ſhe ſeem'd to have ſome life; her poſture being manifeſtly chang'd in the 
glaſs, from what it was a while before. Not long — ſhe appear d 
quite dead; her head and tail hanging down moveleſs, and directed to- 
wards the bottom of the veſſel; whilſt the middle of her body floated as 
much as the cork would permit it. 

103. In the generality of our pneumatical experiments upon animals, it_4uimat is «ir 
ſuited with our purpoſe, to — the air as much, and as ſuddenly as we — = 
could ; but I er trials in view, wherein an ——— — ofg 925 rarifa- 
rarifaction, yet not near the higheſt to which the air might be he by 
our engine, ſeem'd likelieft to conduce ; as particularly to afford ſome 
light in the nature of thoſe diſeaſes, that are thought, primarily, to affe& 
reſpiration, or its organs. vb 
- Wherefore, having gages, by help of which ſuch experiments might be 
much the better pertorm'd, I attempted ſeveral of them in the following 
manner. | | 

Aug. 16. A linet being put into a receiver, able to hold about 4 pints and 
a halt of water, the glaſs was well clos d with cement and a cover; but 
none of the air drawn out with the engine, or otherwiſe. And tho' no 
new air was let in, nor any change made in the impriſon'd air, yet the 
bird continued there three hours, without any apparent approach to 
death : and tho'ſhe ſeem'd ſomewhat ſick, yet being afterwards taken out, 
ſhe recover'd, and liv'd ſeveral hours. | 

104. Aug. 18. From the receiver above-mention'd, we drew about half the air, 
whilſt a linet was in the glaſs; and in that rarified air (which appear d by a gage 
to continue in the ſame ſtate) the bird liv'd an hour and near a quarter 
fore ſhe ſeem'd in danger of death: after which, the air being let in, with- 
Vol. II. 222 out 


105. 
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out taking off the receiver, ſhe: manifeſtly recover d, and leap'd againſt the 
fide of the glaſs ; and being taken out into the open air, ſhe flew our of my 
hand to a conſiderable diſtance. | 

105. Sept. g. Into a receiver, able to hold about 4 pints and a half of water, 
we convey d a lark, together with a gage, by the help whereof we drew 


out + of the air; then obſerving the bird, we perceiv d it to pant very 
much. Having continued thus for a little above a minute and a half, the 


bird fell into a convulſive motion, that caſt it upon the back. And altho' 
we made great haſte to let in the air; yet, before the expiration of the ſe- 
cond minute, preceding the convulſion, the lark was gone paſt all reco- 
very, tho various means were uſed to effect it. 

106. Sept. 9. Preſently after, we put into the ſame receiver, a 
finch; and having withdrawn half the air, we ſoon began to obſerve 
the bird, and took notice, that, within a minute after, ſhe appear'd to be 
very ſick; and, ſhaking her head, vomited a certain ſubſtance againſt the 
inſide of. the glaſs. Upon this evacuation, the bird ſeem'd to recover, and 
continue pretty well, but not without panting, till about the end of the 
fourth minute; when, growing very ſick, ſhe vomited again, but much more 
unqueſtionably than before; and, ſoon after, eat up again a little of her 
vomit; upon which, ſhe much recover d. And though ſhe had, in all, 
three fits of vomiting; yet, for the laſt ſeven or eight minutes, that we ke 
her in the receiver, - ſhe ſeem d to be much more lively than was . 
which may, in part, be attributed to a little air that, by an accident, got in, 
tho it were immediately pump d out again. At the end of a full quarter 
of an hour, from the firſt exhauſtion, the bird appearing not likely to die 


e 
in a great while, we took her out. 


107. April 12. A new. caught viper was included, er with a gage, 
in a portable receiver, able to hold about three pints and an half of water. 


This veſſel being exhauſted; and ſecured againſt the return of the air, the 


Animals in the 


ts 


animal was obſervd, from time to time, not only to be alive, but nimbly 
to put out, and to dra back her tongue, for about thirty-ſix hours, after 
ſhe was ſhut up: we, therefore, continued the veſſel longer, in the ſame 
ſhady place; where, over-night, at the end of ſixty hours. ſhe appear'd ve- 
ry dull and faint, and not likely to live much longer. And, the next, by 
the afternoon, I found her ſtark dead, with her mouth open' d to a ſtran 
wideneſs; wherefore, ſuffering, water to be impell'd, by the out ward air, 
into the cavity of the receiver, we found, by the water that was driven 
in, and aſterwards pour d out again, and meaſur d, that five parts in ſix of 
the air in the veſſel, had been pump'd out: fo that in an air rarify d, till it 

anded itſelf to five or ſix times its uſual dimenſions, our viper was able 
to live ſixty hours, and, perhaps, might have done ſo longer. 

108. In the preceding experiments, the animals were recover d from a 
gaſping condition, by lerting in freſh air, and not the ſame that had been 
withdrawn from them: wherefore, I thought proper, to try, whether the 
fame portion of air, without being renew'd, would, by being expanded 
much beyond its uſual degree, and reduced to it again, ſerve to bring an 
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animal to near the point of expiring, and revive him again; ſince, by the PrzvuaniCs. 


ſucceſs of ſuch a tryal, it would notably appear, that the bare change of 
the conſiſtence of the air, as to rarity and denſity, may ſuffice to produce 
the above-mention d effects. | 

We included a mouſe in a fine, limber, clear bladder, made more 
tranſparent by oil, rubb'd on the outſide, that the ſmell of it might 
leſs offend the animal, to be included ; clipping off as much of the 
bladder, at the neck, as we judg'd abſolutely neceſſary for letting in a 
mouſe: we, alſo, provided a round ftick, ſomewhat leſs than the ori- 
fice ; that, the wood being laid over, with a cloſe and yielding cement, we 
might tye the bladder faft, and cloſe enough, upon the ſtopple thus fitted. 
In the bladder was left as much air, as we thought might ſuffice him, 
for the time the experiment was to laſt. Then, putting this limber, or di- 
latable receiver into an ordinary one of glaſs, and, placing this engine near 
a window, that we might ſee through both of them; the air, was, by de- 
. grees, pumped out of the external receiver, and, thereupon, the air 
included in the bladder proportionably expanded itſelf, and ſo diſtended the 
internal receiver, till, being arrivd at a degree of rarifaction, which 
rendred it unfit for reſpiration, I perceivd ſigns, in this animal, of his 
being in great danger of ſudden death. Whereupon, the outward air be- 
ing haſtily let into the external receiver, compreſs'd the ſwell'd bladder to 
its former dimenſions, and thereby, the included air to its former denſity ; 
by which means, the mouſe was quickly revived. Having given him ſome 
convenient reſpite, the experiment was repeated with the like ſucceſs. 

109. We put a large parcel of tadpoles, with a convenient quantity of 


water, into a portable receiver, of a round figure, and obſerv d, that, at the iy of reſpirs- 
firſt exſuction of the air, they roſe to the top of the water; tho', moſt of — 
them ſubſided again, till the next exſuction raiſed them. They ſeem'd, by growth of ani. 

their active and wrigling motion, to be very much diſcompos'd. The re- in we 


ceiver being exhauſted, they, all of them, continued moving, at the top 
of the water; and, tho' ſome of them ſeem'd to endeavour to go to the 
bottom, and dived part of the way, eſpecially with their heads, yet, 
they were immediately buoy d up again. Within an hour, or a little more, 
they were all moveleſs, and lay floating on the water; wherefore, I open d 
the receiver; upon which, the air — in, almoſt all of them preſently 
ſank to the bottom, bur none of them recover'd life. 

110. We, afterwards, included a leſs number of tadpoles in a ſmaller 
glaſs, which was alſo exhauſted, with the like circumſtances, as the former. . 
And, when I found the other tadpoles to be dead, I hafted to theſe, which 
did not, except, perhaps, one, give any ſigns of life; but, upon letting in 
the air, theſe having not been long kept Ho it, fomefew of them reco- 
ou 6 and ſwam up and down lively enough; tho", after a while, theſe al- 

o died. | 

111. I repeated the ſame experiment in a portable receiver, of a 
convenient kind; and, tho, after the exhauſtion was perfected, the tadpoles, 
for a while, moved briskly _— on the top of the water, only ; yet, 
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De at the end of l ſeem d to be, all of them, quite dead, bu 
ough, within half an hour after that, I let in 

the air; yet all the effect of it was, that the moſt of them, immediate- 
ly ſunk to the bottom, as the reſt, ſoon after, did ; none of them, that L 
could obſerve, recovering vital mo tion. f 

112. We procur' d, by preſerving ſome rain- water, four or five of thoſe 
odd inſects, whereof gnats have, by ſome, been obſerved to be genera- 
ted about the end of Auguſt, or beginning of September. Theſe, for ſome 
weeks, live all together in the water, as tadpoles do; ſwimming up and 
down therein, till they are ripe for a tranſmigration into flies: but including 
them, with ſome of their water, in a ſmall glaſs- receiver, which bein 
exhauſted; and very exactly cloſed, we kept, in a ſouth- window; theſe 
little creatures continued to ſwim up and down therein, for ſome few days, 
without ſeeming to be much incommoded ; but at length, and all much about 
the ſame day, they put off the habit they had, whilſt they lived as fiſhes, and 
appeared with their Exuuiæ, or caſt-coats under their feet; ſhewing them- 
ſelves to be perfect gnats, that ſtood, without ſinking, upon the furface of 
the water, and diſcovering themſelves to be alive, by their motion, when 
they were excited to it; but I could not perceive them to fly in that thin 
medium: to which inability, whether the viſcoſity of the water might 
contribute, I know not; tho they lived a pretty while, till hunger, or cold 
deſtroyed them. 


expanſion I 3. The warm blood of a lamb or a ſheep, being taken as it was, im- 
wes mediately, brought from. the butcher's, where the fibres had been broken, 


to hinder the coagulation, was, in a wide-mouth'd glaſs, put into a re- 
ceiver, made ready for it; and the pump being ſet on work, the air was 
diligently drawn out: but the operation. was not always, eſpecially at firſt, 
ſo early manifeſt, as the ſpirituouſneſs of the liquor would make one ex- 
pect; yet, after a long expectation, the more ſubtile parts of the blood 
would begin to force their way thro the more clammy, and ſeem to boil 
in large cluſters, ſome as big as great beans. or nutmegs ; and, ſome- 
times, the blood was ſo volatile, and the expanſion ſo vehement, that it boiled 
over the containing glaſs.; of which, when it was put in, it did not fill a- 
bove a quarter. | 
114. Having, alſo, included ſome milk, warm from the cow, in a cylindri- 
cal veſſel, about four or five inches high, tho* the pump was long ply d, be- 
fore any intumeſcence appear d, yet, afterwards, when the external air was 
fully. withdrawn, the milk began to boil, in a way that was not ſo eaſy 
ro * as pleaſant to behold: and this it di for a pretty While, with 
ſo much impetuoſity, that it threw ſeveral of its parts out of the wide- 
mouth'd. glaſs that contain'd it; tho' there were not above two or three 
ounces of the liquor, which only half fill d the glaſs. 
A yet greater diſpoſition to intumeſcence, we thought, we obſery'd in 
mage! ; which was but ſuitable to the viſcoſity of its texture. | 
. The two laſt experiments were made with a deſign to ſhew, how far 
the deſtructive operation of our engine, upon the included animals, nEF 
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rated in the blood, juices, and ſoft parts of the body, may, by their vaſt 
number, and conſpiring diſtenſion, varioufly contract the veſſels in ſome 
places, and ftretch them in others; eſpecially the ſmaller, that convey 
the blood and nouriſhment ; and ſo, by choaking up ſome paſſages, and vitia- 
ting the figure of others, diſturb, or hinder the due circulation of the 
blood: for, ſuch diſtenſions may cauſe pains in fome nerves, and membra- 
nous parts, which, by irritating them into convulſions, may haften the 
death of animals, and deſtroy them ſooner by that irritation, than they 
would be deſtroy d by the bare abſence or loſs of what the air is neceſſary 
to ſupply them with. And, to ſhew, that this production of bubbles 
reaches, even to very minute parts of the body, I ſhall add, that, J once 
obſerved in a — — uriouſly tortured in our exhauſted receiver, the crea- 
ture had a conſpicuous bubble moving to and fro, in the aqueous humour 
of one of its eyes. 

115. To ſhew, that not only the blood and liquors, but alſo the other ſoft 
parts, even in cold animals, have aerial particles latent in them; we took 
the liver and heart of an eel, as, alſo, the head and body of another 
fiſh of the ſame kind, cut aſunder, croſs ways, beneath the heart; and 
putting them into a receiver, upon withdrawing of the air, we per- 
ceiv d, that the liver manifeſtly ſwell'd every way; and, that both the upper 
part and lower of the fiſh, did ſo, likewiſe. At the place, where the diviſion 
had been made, there came out, in each pcrtion of the fiſh, various bubbles; 
ſeveral of which ſeem'd to riſe from the Medulla Spinalis, the cavity of the 
back-bone, or the adjoining parts: and the external air being let in, both 
the portions of the eel preſently ſunk ; ſome of the skin ſeeming to be 

wn flaccidin each. 


116. We included, in a vial with a wide neck, (the whole glaſs being able n. 


. . < wſe 
to contain about eight ounces of water,) a ſmall young mouſe ; then — 


port themſelves. 


tyed ſtrongly upon the upper part of the glaſs's neck a fine thin bladder, 


898 
341 
be imputed the withdrawing of the air, whereby, the little bubbles gene- Puzvxazief; 


2 =. 
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out of which the air had been carefully expreſsd; and convey'd this airs - 


veſſel into a-middle-ſiz'd receiver, in which, we alſo placd a mercurial 


act ion made 


unfit for reſdiva- 


gage. This done, the air was, by degrees, pump'd out, till it appear d tin. 


y the gage, that there remain'd but a fourth part in the external receiver; 
whereupon, the air in the internal receiver, expanding itſelf,” appear'd to 


have blown the bladder almoſt half full; and the mouſe ſeeming very ill at 


eaſe, by leaping, and otherwife endeavouring to paſs out at the neck of 
his priſon ; we, for fear the over-thin air would. diſpatch him, let the air 
flow into tlie external receiver; whereby the bladder being eompreſs d, 
and the air in the vial reduced to its former denſity, the little animal quick- 
ly recover'd, | | | 
117. A while after, without removing the bladder, tlie experiment was 
ted, and the air, by help of the gage, reduced: to its former degree 
rarifaction; when, the mouſe, after ſome fruitleſs-endeavours to get out 


of the ꝑlaſs, was kept in that thin air for full four minutes; at the end of 


Which, he appear'd ſo ſick, that, to prevent his dying immediately, we 


remov d. 


29% &&DPhyſco-muchanical | Experiments 


Fe remoy'd the external, and took out the internal receiver ; whereupon, tho 
be recover d; yet 'twas not without much difficulty; being unable to ſtand 
2 * * his feet; and, for a great while after, he continu'd, ma- 
trembling. oh Gt 
ba” is. But, IE ſuffer'd him to reſt for a reaſonable time, preſuming 
that uſe had inured him to greater hardſhips, we convey d him, again, into 
the external receiver; and, having brought the air to the former d 
af rarifaction, we were able to him there for a full quarter of an 
hour; tho the external receiver did not at all conſiderably leak; as ap- 
d both by the mercurial gage, and by the remaining diſtenſion of t 
ladder. And, tis worth noting, that, till near the latter end of the 
uarter of an hour, the animal ſcarce at all appear d diftreſs'd; remaining 
l very quiet. And tho, when he was put in, his tremblings were yet 
upon him, and continu'd ſo for ſome time; yet, afterwards, in ſpight of 
the expanſion of the air he was then in, they ſoon left him. And, when 
the internal receiver was taken out, he not only recover d from his fainting 
ſooner than before, but eſcaped thoſe ſubſequent tremblings. 

119. Encouraged by this ſucceſs, after we allowed him ſome time to re- 
cover his ſtrength, we re-convey'd him, and the veſſel wherein he was in- 
cluded, into the former receiver, and pump'd out the air, till the mer- 
cury, in the gage, was drawn down near half an inch lower than before, 
that the air might be yet farther expanded. And, tho” this, at firſt, 
ſeem'd to diſcompoſe the little creature; yet, after a while, he grew very 
quiet, and continu'd ſo for a full quarter of an hour ; when, we caus d 
three exſuctions more to be made, before we diſcover'd him to be in 
manifeſt danger, (at which time, the bladder appear'd much fuller than 
before:) but, then, we were obliged to let the air into the outward re- 
ceiver ; whereupon, the mouſe was more ſpeedily revived, than one would 

Now the air, in which the mouſe liv'd all this while, had been clogg d, 
and infected, with the excrementious effluvia of his body; for twas the 
fame all along ; we having, purpoſely, forborn to take off the bladder, 
whoſe regular diſtenſions, and ſhrinkings, ſufficiently manifeſted, that the 
veſſel, whereof twas a part, did not leak. 101 

Air, been . 120. We took a — of an ordinary ſize, and, having convey d him 
a, into an oval glaſs, fitted with a ſome what long, and conſiderably broad 
Its 5 neck, that it might be wide enough to admit a mouſe, in ſpight of 
his ſtruggling; we convey d in, after him, a mercurial gage, in which we 
had carefully obſerv d, and mark d the ſtation of the mercury; and which 

was ſo faſten d to a wire, reaching to the bottom of the oval glaſs, that 

the gage, remaining in the neck, was not in danger of being broken b 

the motions of the mouſe in the 2 The upper part of the long nec 

of the glaſs was, notwithſtandi wideneſs of it, hermetically ſeal d, 

by means of a lamp, and a pair of bellows, that we might be ſure the 
impriſon' d animal ſhould breathe no other air, than what fill'd the re- 

eeiver, at the time when it was ſeal d. This done, the mouſe — 

watched, 
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watched, from time to time: and tho, by reaſon of the largeneſs of the Unie 
veſſel, he ſeem'd rather drooping, than near death, at the end of the WWW 
ſecond hour; yet, in about half an hour after, he was judg'd to be quite 
dead, tho we ſhook the veſſel, to rouze him. The gage manifefted no 
ſenſible change in the ſtation of the mercury; but, cauſing the ſeal d part 
of the glaſs to be broken off, I obtain d, after a while, ſome faint to 
of life: tho, I am not ſure, that they would have continu'd in à veſſel, 
where the air was fo clogg d and infected, if freſh air had not been fre- 
quently blown in by a pair of bellows, whoſe noſe was inſerted into rhe 
neck of the glaſs. This freſh air ſeem'd evidently, tho* but lowly, to re- 
vive the gaſping animal, which I could not, conveniently, take out of the 
glaſs, till he had gain'd = enough to make uſe of his legs; but, af- 
ter that, without breaking the glaſs, we took him out, and ſoon found 
him able to walk up and Sew. | 
121. A like experiment we, alſo, made with like ſucceſs, upon a ſmall 
bird, included, with a gage, in a receiver that would hold about a quart 
of water. The bird, in about half an hour, appear'd to be ſick, and 
ing; the faintneſs, and difficulty of breathing, increaſing for about 
two. hours and a half after; at which time, the animal died; the gage be- 
ing not ſenſibly alter'd, unleſs, perhaps, the mercury appear'd to be im- 
Id up a little higher than when put in; which, yet, might proceed 
Hom ſome accidental cauſe. | | 
122. To ſhew, that it is not want of coldneſs, but ſomething elſe in the 
included air, that makes it deſtroy birds pent up therein, which, by the 
hot exhalations of their bodies, may be ſuppoſed to over-warm it; we made 
the following experiment. | 
In a glaſs-vial, able to hold about three quarts of water, we, her- 
metically ſeal'd up a ſmall bird; and found, that, in a few minutes, ſhe 
began to be ſick, and pant. Theſe ſymptoms I ſuffer d to continue, and. 
increaſe, till they had laſted juſt half an hour; at which time, having pro- 
vided a veſſel of water, with ſal-armoniac, newly put therein, to refri 
it; and the liquor being thus made exceeding cold, the vial, with the fick 
bird, was immerſed in it, and ſo kept there for ſix minutes: yet it did not 
appear, that the great coldneſs which muſt be thus procured to the ĩm- 
riſoned air, ſenſibly revived or refreſſi d the drooping animal, who mani- 
ſtly continued to pant exceedingly. So that this remedy, proving inef- 
fectual, the vial was remov'd out of the water; and the bird, ſome time 
aſter, many times ftrain'd to vomit: and, afterwards, had evacuations. 
downward, before ſhe quite expired; which ſhe did, in almoſt an hour, 
from the beginning of her impriſonment. 
123. We made, by diftillation, a blood-red liquor, chiefly confiſting of ſueh The «ſe of the 
faline, and ſpirituous particles, as may be obtained from human blood 2 to raiſe aud. 


the ſteams 


which is of ſuch a nature, that if a glaſs-vial, about half filed with my dies conſt 
well ſtopp'd, it will reſt as. quietly as an ordinary liquor, without ſend- | 


the external air is permitted to come in, and touch the ſurface of the Tn, 


» 
a, 
1 


, 


'd, with r- 
ing up any ſmoke, or viſible exhalation ; but, if the vial be open d fo, that Eon 2 


* 
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PrnvKcaries. within'a quarter of a minute, or leſs, there will be elevated a copious 


.white ſmoke, which not only fills the upper-part of the glaſs, but enti- 
fully paſles our into the open air, till the-vial be again loc d. "AY P 6 
When this vial has lain ſtopp'd and quiet for a competent time, the 


upper half of it appears deftitute of fumes, whereof the air, it ſeems, will 
: Imbibe, and conſtantly retain but a certain moderate quantity; which may 


ive ſome light towards the reaſon, why the ſame air, quite clogg'd with 


_ Teams, will not long ſerve for en. And if the unſtopp d vial were 


© Snails, a ſletr- 
: "wor, aud a 
etch, in vacuo. 


placed. in our vacuum, it would emit no viſible fteams at all, not ſo 
much as to appear in the upper part of the glaſs itſelf that held the liquor; 
but when the air was, by degrees, reſtored at the ſftop-cock, without 
moving the--receiver, to;apvid injuring its cloſeneſs, the returning air would 
preſently raiſe the fumes, firſt into the vacant part of the vial, whence they 
would aſcend into the capacity of the receiver: and likewiſe, when the 
aixʒ requiſite to ſupport them, was pumped out, they alſo accompanied it, 
as their unpleaſant /fmell made manifeſt ; whilſt this red ſpirit, though 
it remain d unſtopp'd, emitted no more fumes, till new air was let 
1324. Two ordmary white ſnails, without ſhells, differing in ſize, (the 
biggeſt being about an inch and a half, and the other about an inch in 
length) were included in a ſmall portable receiver, which was carefully ex- 


hauſted, and ſecured againſt the return of the air; and preſently after, bei 


removed from the engine, it was eaſy to diſcern, that both the ſnails t 

out, and drew in their horns, at i ; though their bodies had, in the 
ſofter places, numerous newly generated bubbles fticking to them: and 
tho' they did not loſe their motion near ſo ſoon, as other animals, in our 
vacuum; yet, after ſome hours, they appear'd moveleſs, and very tumid; 
and, at the end of twelve hours, the inward parts of their bodies ſeemed to 
be almoſt vaniſh'd, whilſt they appear'd to be two ſmall full-blown bladders : 
and, on letting in the air, they immediately ſo ſhrunk, as if the bladders 
having been prick d, the receding air had left behind it nothing but skins: 
2 7 rg of the ſnails, afterwards, tho kept for many hours, give any 
, lite. | 

: — We included in a receiver, whoſe globular part was about the 


226. Wa took u leech, of a moderate bigneſs, and having included it, 
with, ſome water, in a portable receiver, able to hold about ten 


manner; 


| -or cwelre ounces of that liquor ; the air was pump d out, after the uſual 
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manner, and the receiver being remov'd to a light place, we obſery'd, Nunn, e, 


that, the leech keeping herſelf under water, there emerg'd from ſeveral 
of her body, numerous bubbles, ſome of them in a diſperſed manner, 

ut others, in rows, or files, that ſeem'd to come from determinate points. 
Tho this production of bubbles laſted a while, yet the leech did 
not ſeem to be very much diſcompoſed. This done, we ſet the receiver, 
which was well ſecur'd from the outward air, in a quiet place, where we 
viſited it, at leaſt, oncea-day ; and found the leech ſomewhat faſtned by her 
tail, to that part of the glaſs which was under water, and ſometimes wan- 
dring about that which was quite above water ; and always, when we en- 
deavour d to excite her, ſhe quickly manifeſted herſelf to be alive; and, 
indeed, appear d fo lively, after the full expiration of ſive natural days, 
that expecting ſomething might have happen d to the receiver, I open d it 
under water; when the outward air, impell'd in ſo much of that liquor, 
as ſatisfy d me the receiver was well exhauſted. GE 1 eee 


227. Five er fixcarerpillars,allof the ſame fort. being pur into u ſepare= ggg 
ble receiver of a moderate ſize, had the air drawn —. from them, and 


carefully kept from returning. But, notwithſtanding this, I found them, a- 
bout an hour after, moving to and fro in the receiver; and even above two 
hours after that, I could, by ſhaking the veſſel, excite ſome motions 'iri 
them, that I did not ſuſpect to be convullive. But looking upon them again, 
about ten hours after they were firſt included, they ſeemed to be quite 
dead; and, tho' the air were forthwith reſtored to them, they continued 
to appear ſo: yet, leaving them all night in the receiver, I found, the next 
day, that three, if not four of them, were perfectly alive. 
128. We took from an hedge a branch, that had a large cob-web of ca 
terpillars in it, and dividing it into two parts, we put them into like re- 
. ceivers; and in one of them ſhut up the caterpillars, together with the air, 
but from the other it was exhauſted. Now, in that which had the air, 
the little inſects, after a ſmall time, appeared to move up and down as 
before, and ſo continued to do for a day or two: but in that glaſs, whence 
the air had been extracted, and continued kept out, they ſhewed, after a 
very little while, no motion that we could perceive. | 


129. Nov. 12. About 8 a- clock at night, there were taken four middle- 8 


ſized fleſh-flies, which, having their heads cut off, were inclofed in a por- 
table receiver, furniſſi d with a large Pipe, and a bubble at the end. As 
ſoon as the receiver was exhauſted, the flies loſt their motion; an hour or 
two after, I approached them to the fire, which reſtored not their motion: 
wherefore I let in the air upon them; -after which, in a very ſhort time, 
they one after another, to move their legs, and one or two of them 
to walk. And having kept them all night, in a warm place, they mani- 
feſted, for a while, ſome ſmall motion. ar. ; * 
130. Spt.. 11. About noon we cloſed up feveral ordinary flies, and a 
bee, or waſp ;- all which, when the air was fully withdrawn, lay as dead; 
only, for a very few minutes, ſome of them had convulſive motions in their 
legs. They continued in this ſtate forty-eight hours; after which, rhe 
air 
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air was let. in upon them; and that not producing any ſigns of life, they were 


laid in the noon-day ſun: but none of them ſeem d, in any degree; to recover. 
131. Dec. 11. We put a great fleſh-fly into a very ſmall portable recei- 
ver, where, at ſirſt, he appear d to be very brisk and lively; but, as ſoon 
as the air was drawn out, he fell on his back, and ſeemed to have convulſive 
motions in his feet, and Probeſcis; from whence he: preſently recover d, 


over night, and next night! 


within a quarter, or half an hour after, I perceiv d, upon ſhaking the re- 
ceiver, that he ſtirr'd faintl up and down. This was done pretty late 
— the fly not to be ſoon revived, either by 

warmth, or letting 2 However, in " GRE . _ 
being, next morning, again in that 8, and. kept forty- eight 
hours, tho over the chimney, he ed beyond —. es * 
132. We took a large graſs r, whoſe body, beſides the horns and 
limbs, was about an inch in length, and of great thickneſs, in proportion to 


that length; and convey d him into a portable receiver of an oval form, and 
able to hold about a pint of water: and having, afterwards, pumped out 


the air, till, by the gage, it appear d to have been pretty well drawn out, 


we took care that no air ſhould re- enter. The ſucceſs was this. Firſt, 


tho before the exhauſtion of the air begun, the graſs- hopper appear d 
lively, and continued ſo for a while: yet, hen the air be 2 be confi- 
derably xarified, he ſeem d to be very ill at eaſe, and to ſweat out of the 
abdomen, many little drops of liquor, which being united, trickled down 
the glaſs like a little ſtream, that made, at the bottom, a ſmall pool of clear 
liquor, amounting to near a quarter of a ſpoonful; and by that time the 
receiver was ready to be taken off, the graſs-hopper was fallen upon his 
back, and lay as dead. Secondly, tho having; a little aſter, laid the glaſs 
in a ſouth- window, on which the ſun then ſhane, I perceived ſome {low mo- 
tions in the thorax, as if he ſtrained to fetch breath; yet, I was not ſure, 
but they were convulſive motions; however, | they | but a while, and 
then the animal appeared to be quite dead, and to continue ſo for three 
hours, from the removal of the receiver. Thirdly, that time being expi- 
red, the glaſs was open d, and the air let in; notwithſtanding which, 


there appear d no ſign at all of life: but letting the glaſs reſt in a 


convenient poſture, that the water which came from him, might not endan- 


ger him, for a quarter, or half an hour; tho' I then perceived no figns of 


Ife, yet I cauſed him to be carried into a ſun-ſhiny place, where the beams 


of a declining ſun preſently began to make him ſtir his limbs, and, in a ſhort 
time, brought him erfect! '. oO life again, 2 (11.3 Wi! 1% 
*.,.433+ Art 15. We took one of thoſe ſhining beetles called rofe-flies, and 
having included it in a very ſmall round receiver, which we exhauſted, it 
ſtruggled much whilſt the air was withdrawing; yet preſently aſter, I could 
perceive. but little motion: about fix, hours after, the fly ſeemed quite 
dead, and diſcover d no motion upon that of the glaſs. And within about 
an hour more, tho I let the air ruſh in, yet no ſigu of life enſued, neither 
immediately, nor for a pretty vrhile after. So that ſuſpecting the beetle - 
7 66h A i 20 W 
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be really dead, I yet, three. or four hours after, found him lively. ze 
Whereypon,. I caus d the glaſs to be again exhauſted, and ſecurd from A 
the air; during which time, the animal ſcem'd to be much diſquieted, but 
did not loſe his motion, ſoon after. vines 25 

134. With butter-flies I made ſeveral tryals, and, having obſerv'd them, 
not only to live, but to move, longer than was expected; I choſe to, include 
ſeveral of them in receivers, ſomewhar large, that T might ſee, whether, 
in ſo thin a medium, ſome or other-of them, by help of their large wings, 
would be able to . But, tho', whilſt the air continn'd in the glaſſes, they 
flew actively, and freely up and down; and, tho', after the exhauſtion of 
the air, they continu'd to live, and were not moveleſs ; nay, tho“, at the 
Hottom of the receiver, they would even move their wings and flatter a 
nttle; yet, I could not perceive any of them to fly, or have a progreſſive 
motion, ſupported 'by the medium, only. And, by frequently inverring 
the receiver, which was long, they would fall, like dead animals, without | 
difplaying their wings, tho, juſt as they came to touch the bottom, ſome 
of them, would, ſometimes, ſeem to make uſe thereof, but not enough to 
ſuſtain themſelves, or to break their falls. kung 

135. A number of ants being included in a ſmall portable receiver, ex- I. , of 

hauſted about noon ; between fix and ſeven in the evening, they ſeem'd to be , f me, 
all quite dead; and the rather, becauſe, tho they a d very lively juſt and wits. 
before they were ſeal'd up, running briskly up and down the bubble they 
were in; yet, they almoſt moveleſs, as ſoon as the air was exhauſted; 
and a little while after appeared more fo : thoꝰ I a little ſuſpected, that they 
were much incotltiodbd” by ſome glutinous ſubſtance, that ſeem'd to have 

into the receiver, from the vapours of the cement. When upon opening 

glaſs, the air ruſhed in, no ſign of life appear d, for a great while, in 
any of the ants: but next morning, about nine a-clock, I found many of 
them alive, and moving about. l deen, 
Wie convey'd 'a number of mites, together with the mouldy cheeſe, 
wherein they were bred, into three or four portable receivers, which were, 
all of them, very ſmall, and not much differing in ſize. From all of theſe, 
except one, we withdrew the air; and, then, making uſe of our peculiar 
contrivance to hinder its return, we took them, one after another, from 
the engine, and laid them by, for further obſervation. - That wherein, to 
obſerve the difference, we left the air, was ſealed at a lamp-furnace, after 
the uſual manner. Our tryals afforded us the enſuing phenomena. 

(1.) The mites, incloſed in the ſmall glaſs, that never came near the en- 

gine, continu'd alive, and able to walk up and down, for above a full week 
after oy had been put in; and, poſſibly, would have continu'd much 
longer, it the glaſs had not been accidentally broken. 
85 As ſoon as ever one of the receivers was remov'd from the engine, 
I look'd with great attention upon it; and, tho*, juſt before the withdraw= 
ing of the air, the mites were ſeen to move up and down in it; yet, within 
a few minutes, after the receiver was apply d to the engine, I could diſcern 
in them no life at all; nor was any perceiv'd by younger eyes than mine. 
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Nay, by the belp af « double conex-glaſs, I was not able to ſee dny of 
them ſtir up and down. And no motion was taken notice of in the other 
ſmall receiver of a like ſhape and bigneſs. About an hour after, I lock d up- 
on the receiver attentively again, but. could not perceive any of the mites to 
ſtir ; and the like unſi obſervation I made two. or three hours after 
MG. HM firſt lerring in the air, to try if er oh ai Fn 

could not perceive, upon its ruſhing in, any of them to ſtir: 1 
feceiver voſtop as it Was od the window, upon a — . that the aĩr 

able to exereiſe its operation upon them, in a ſhort time. 


bo 4 not be abl | 
3.) And, about two or three days after, I found a number. of my little 
animals reviv d; as an attentive eye might eaſily perceive, by the motion of 
certain. little white ſpecks, when alhſted d to obſerye it by little marks, that I 
made onthe outſide of the glaſs, (which was purpoſely choſen thin and 2 
dear this, or that mite, with a diamond; by the approach to, or receſs 
from which marks, the progreſſive motion became, perhaps, within a mi- 
nute, plainly diſcoverable ; eſpecially, if, when the eye perceiy'd little white 
, that look'd like mites, the receiver ſhould be ſo turn'd, that the bel- 
hes and feet of thoſe. little creatures were ; uppermoſt; notwithſtandi 
which, they. would not eaſily, drop down, but continue their motion: and 
theſe ſpecks being made upon the concave ſurface of the thin glaſs itſelf, 

<0, prot eee WS M1 EY Mor 167 V 
(A.] But becauſe it doth not, by the third phenomenon, appear, whether, 
in caſe our mites had, been kept in a moveleſs ſtate, for a much longer 
time, than three or four hours, they would have been recoverable, by the 
adnuffion of the air; I ſhall e one of the portable receivers, above- 
mention d, being exhauſted and carefully ſecured from the air, was kept 
from monday morning to thurſday morning : after all which time, being una- 
ble to diſcover any ſigus of life, among the included mites, the air was let in 
upon them, which, — had ſuch an operation upon 7 11 both Y and 
others could plainly ſee them creep up and down in the „again. 
136. l procure & large number of ſilk - worms eggs, and | cauſed 
three very receivers to be purpoſely made, that differ d very little, either 
in ſize or figure ; we convey d into each of them, together with a ſmall ſtock 
of mulberry- leaves, ſuch à number of eggs as, we 1 made ĩt morally 
certain, that, at leaſt, ſome of them ſhould:;proye -prol c. This done, we 
carefully exhauſted one of the receivers, and ſecur enn the return of 
the air; and the two others we left full of air: but, having left in the one 
a little hole for the air to get in and out at, we topped the other ſo cloſe, 
as to hinder all intercourſe between the internal and external air. Things 
being thus prepared, we expoſed. the receivers to a ſouth window, where 
they might be quiet, and where I either came, or ſent to look on them, 
from time to time; the ſpring being then ſo far advanced, that, I ſuppos'd; 
the heat of the ſun would be, of itſelf, ſufficient to hatch them, in no 
long time. And both IL, and others, took notice, that, in the unex- 
kaufted receivers, there were ſeveral hatch'd. into little inſects, that 
perforated their bels and crept out of them; tho', afterwards, for * 


- 
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ef chan of food, or air, or both, few, or none of them, proved long- rg 
fived. But tho the eggs, in theſe receivers, began to afford us little ani- * 
mals, in a few days; yet the , in the exhauſted receiver, afforded none 
in ſo many more, that we left off to expect any from them. 
We took . = —— — creatures, which in autumn, 
eſpecially towards the end of it, are turn'd into gnats; and, having put a 
— number of them r, in a fit quantity of — 
wherein they had been found and kept, into a ſmall receiver; the air was 
pump' d out, and the veſſel ſecured againſt its return, and then ſet aſide in 
a place, where I could obſerve, that, on the day after, ſome of theſe little 
animals were yet alive, and ſwimming up and not without minute 
bubbles adhering to them ; but, in a day or two after that, I could not 
perceive any of them alive : nor did any of them recover, upon the ad- 
miſſion of freſh air. Indeed, the weather was fo cold and unſeaſonable, 
that a number of theſe little creatures, put up with water in another ſmall 
receiver, all. died within a few days, tho” none of the air was exhauſted. 
And ſeveral. that I kept in an ordinary glaſs, which was often unſtopp'd, 
to give them freſh air, periſh'd very fat. | 
137. We took a round glaſs-egg of clear metal, and furniſh'd with a Ne fwprixing | 
ſome inches in length; this we fill'd with water, and convey d both r-" 42 2. 

it, and a vial, containing water, into à receiver, of a convenient fize ;*" 
and by pumping the air out of it, we made bubbles both in the egg, 
and the vial, to diſcloſe: themſelves in great numbers; ſo that the liquor, 
in the glaſs- egg, ſeem'd to boil, and cauſed all that was in the ſhank, to 
run over. we the water was ſufficiently freed from air, 
we took out the glaſſes, and fill'd up the ſhank of the egg with water ta- 
ken out of the vial, and inverted it into more of the ſame water, in ſuch 
manner, that the egg was quite full, ſhank and all, excepting a ſmall 
bubble of air, that we, purpoſely, left, to gain the top of the egg; where 
we meaſured it as accurately as we could, and found it to be a tenth, and 
leſs than two hundredths of an inch. Then, putting the glaſſes again into 
the receiver, the pump was work d, and the little bubble, after a while, 
began to expand itſelf ; which, when it had once done, it, at each ſuck, 
ſtrangely increas'd, till, at length, it drove all the water out of the round 

rt of the glaſs. And, leſt it might be objected, that twas only the 

bſiding of the water, upon the withdrawing of the outward air, that 
before kept it up to the top of the glaſs; we caus'd the pumping to be conti- 
nu'd, till the expanded air had, ſeveral times, driven the water, in the 
pipe of the egg, a pretty way beneath the level of the external and ſur- 
rounding water in the other glaſs. This done, we let in the air, by de- 
grees, with a deſign to obſerve what bubble we ſhould find at the top of 
the ce when the water ſhould be again driven up into its cavity. But the 
expanded air had forced over ſo much water, that there remain'd not 
enough to fill the globular part of the'egg. We, therefore, made the ex- 
periment again; and, when we had proceeded thus far, cempar'd the 
above-mention'd diamerer of the ſmall bubble, with that{of the ſpherical 

part 
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Der part of the glaſs, W ich we \took with a pair of callaper-compaſſes ; and 
- »" tho''we found it to be ſomewhat more than twenty times as great, yet we 
ſſuppoſed the two diameters to be only as 1 to 20 : and, conſequently, 


fince the proportion between ſpheres is triplicate to that of their diameters, 
the air appear d to have, by expanding itſelf, poſſeſs'd eight thouſand times 
the ſpace it took up before. Nor was it overſeen by us, that ſuch glaſſes 
as we uſed, are ſcarce ever ſpherical. But Dr. Wallis, who aſſiſted at the 
experiment; concluded, with me, that the cavity of the ſhank, from whence 
the expanded air drove the water, which we did not compute, would 
make abundant amends for any inaccuracies. After this, for farther ſa- 
tisfaction, we took water, laboriouſly freed from air; and, putting it into 
the ſame glaſs- egg, we inverted it, as before, but left not any bubble in 
it. This we did, that, in caſe we could make the water ſubſide, the ex- 
periment might prevent a ſuſpicion, that ſome air, latent in the water, in- 
creaſed the bubble, formerly left in it. Having, then, exhauſted the re- 
ceiver, at leaſt as much as before, the water, in the egg, did not at all ſub- 
ſide: but, at length, with obſtinate pumping, a bubble diſcloſed itſelf, and 
drove all the water clear out of the round part of the glaſs. And tho', by 
reaſon of ſome ſmall leaks, that we could not find, or ſtop, we were not able, 


dlãs before, to make the expanded air depreſs the water in the ſhank; beneath 


the ſurface of the external water; yet we wanted very little of it: and, 
then, giving over, we found, that when the water was impell'd up again 
into the egg, there was, at the top of it, a bubble, whoſe diameter we 
meaſur'd, and found it to be to the diameter of the globular part of the 
glaſs, as 1 to 14: ſo that, tho” the little bubble had been a perfect ſphere, 
it muſt, when expanded, have been 2744 times as big as when unexpanded. 
But Dr. Wallis, obſerving the great thinneſs of the bubble, poſitively af- 
firm'd, that he could not eſtimate it to be, at moſt, any bigger than the 
third part of a perfect ſphere of that diameter: by which eſtimate, the 
expanſion of the bubble muſt-have reach d to $8232 times its natural di- 
menſions. Yet by letting as much water into the receiver as it would ad- 
mit, e found, that we had not exhauſted all the air. W 15 
138. At: another time, a ſmall, and almoſt inviſible bubble, expanded 
itfelf, when the ambient air was pretty well exhauſted to more than 
ten thouſand times its former extent. We took a ſmall bolt- head, blown 
at a lamp, which contain'd, in all, about eighty grains of water; and 
inverting the ſmall neck into a jar of water, it was included in the 
receiver; and the ambient air being exhauſted, numerous bubbles roſe 
out of the water, and, expanding, quickly drove all the water out of the 
bolt-head. Then, re- admitting the outward air, the bolt-head was pre- 
ſently almoſt ful'd, and all the expanded air ſhrunk into a bubble little 
bigger than a ſmall pins head; when, taking the bolt- head out of the wa- 
ter, and inverting it, that the bubble might get out at the neck, we care- 
fully fill'd it up with the water that had been freed from air; and, then, 
inve with water, we again included it; 
* was got out of the water, 


rting it, as before, into the j 
and, after ſome exſuctions, 2 
backt art r cad i! ads” into 
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into the neck, a very conſpicuous bubble, which, upon admitting the Previurics 
air, ſhrunk almoſt 10 an | viſible one, and aſcended into the hed of WWW! 
the glaſs. Then, again exhauſting the receiver very well, we found it ex- 
pand itſelf, ſo as to fill the capacity of the bolt-head, and to drive out almoſt 
all the water. And, upon re-admitting the air, it again ſhrunk into a 
bubble, whoſe diameter (according to our beſt eftimate) was not more than 
a two and twentieth part of the diameter of the head of the above-mention'd 
glaſs-; ſo that, to fill the whole cavity of the head only, it expanded itſelf 
10648 times: but, becauſe it fill'd, likewiſe, the greateſt part of the neck, 
we found, by weighing the water which fill'd that part, and the water 
which fill'd the head, that the capacity of that part of the neck, was al- 
moſt a third of the capacity of the head; being as 141 to 481. If, there- 
fore, 481, the capacity of the head, * it 10648 times; 141, the 
capacity of the neck, muſt contain it 31212 times; ſo that, in all, the 
ſmall bubble of air was expanded to above 13769 times its former bulk. 
be diameter of the ſmall bubble contracted, was inch. 
 'The diameter of the outſide of the head of the glaſs was 42 inch. 
The water, that fill'd the head only, weigh'd ſixty grains and a half. 
The water that fill'd the head, and as much of the neck as the air had 
before expanded itſelf into, weigh'd ſeventy-eight grains, and one eighth ; 
whence that part in the neck weigh'd ſeventeen grains, and five eighths. 
The bolt-head itſelf weigh'd fifteen grains. 
139. We tried this experiment again, and found a ſmall bubble, much 
about one twelfth of an inch in diameter, filfd not only the ball at the 
end of the bolt-head, (which was an inch and a half in diameter,) but the 
whole neck, which contain'd near as much water as the head ; and beat down 
the ſurface of the water within the pipe, much below that of the water 
external to it. #7 
Theſe experiments may give riſe to inquire, what figures and motions 
in the particles of the air, can explain ſuch a wonderful rarifaction, per- 
haps, without quite loſing its durable ſpring; how the air comes to be ra- 
. rifiable ſo many times more without heat, than hitherto we have found it 
by heat; and, laſtly, what might, reaſonably, be conjectur d about that 
part of the cavity of an exactly cloſed glaſs, where, tho the eye diſcovers 
no viſible ſubſtance, it appears not, that the common air adequately: fills | 
ſo much as the ten thouſandth part. | 142 38:0 
140. It has not, that I know of, been attempted to diſcover, whether the, In. ie, 
air either in the utmoſt, or in the intermediate degrees of rarifaction we the {ring of 
can bring it to, retains a conſtant and durable elaſticity ; and what other 9 
| = erties it either gains or loſes by confinement *, | 0172 208 nl 
Io attempt ſomething of this kind, I cauſed a good bubble of glaſs, 
" with a ſtem, to be ſoblown at the flame of a lamp, that whilſt the ball was 


* Mr. Hauksbee has ſhewn, by experi- | natural tone and temper ; and that this 
ment, that the ſpring of the air may be | tone, will be as the force employ d, or its 
ſo diſturb d by violent preſſure, as to re- | continuanee in ſuch a violent fate. Hawks, 
' quire & conſiderable time to recover its | Experim./p.110—112, and p. 162-166. 
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Ser exceeding-hot,. and, conſeqaently, contain d none but highly rari 4 
Ry 


the ſtem was ſaddenly ſeal d up. This bubble, many months after, 
I inyerted into a baſon of water; and, having broken off the ſeal under 
the ſurface of it, the liquor was violently impell'd into the cavity, yet was 
not able to fill it; a conſiderable part being defended from the farther 
aſcent of the water, by the ſpring of the remaining air; which, for all the 
long ſtretch it had been put to, dad not, that We obſerv d, loſt any thing 
of its ſpring. At another time, leaving a very ſmall proportion of air in 
che folds of a fine limber bladder, whoſe neck was very cloſely tied; by 
the help of the air-pump, it was ſo expanded, that, at length, it ſeem'd 
to fill the Whole bladder, and reduce it to the extent it had, juſt before 
twas empty d. And the bladder, by a peculiar. contrivance, was ſo in- 
<lnded in another veſſel, that, being protected from the outward air, it 
maintain d its tumid figure ; and in that unwrinkled ſtate it continud for 
near three years. Ade e 42 | 
I, afterwards, contrived an inſtrument, fit to diſcover how long air, 
brought to the greateſt expanſion I could conveniently reduce it to in my 
engine, will retain its ſpring ; and by what degrees, or ſtages, and pe- 
Tiods of time, the decreaſe, if any ha pen, is made. But I could not, by 
ats means, obſerve any remarkable | > tn in the air's elaſticity, tho”. 
it was preſs d, and, as it were, clogg d with a weight, which one would 
wonder how it could, when twas 1o highly rarify'd, ſupport for one mi- 
nute. And, in one of them, we found not, in ten weeks time, any con- 
ſiderable variation; for the. little ſhrinking of the air, diſcoverable by an 
«attentive eye, might be, probably, aſcribed to the change of the weather 
to a far greater degree of coldneſs. | 
J, alſo, contriv'd a little portable inſtrument, wherein the air being ex- 
panded, as one may gueſs, to five or ſix hundred times, (perhaps a - 
land times) its wonted extent, has not only, for a long time, preſery'd its 
ſpring ; bur, alſo, tho very much dilated, without heat, the heat of the 
hand, apply d to the outſide of the veſſel, has a * and very manifeſt 
operation; and, the withdrawing thereof, the air quickly returns to 
its former — and temper: ſo that it may be employ d as a kind of 
weather-glaſs. | 
44.1. A cylindrical glaſs, blown at a lamp, and having a long ſtem coming 
out at he untl end, was .quite fill'd with water, and inverted into 
more, placed at the bottom of a large pipe, ſeal'd at one end, and of three 
.or four feet in length : this external pipe was exhauſted, till the air, that 
diſcloſed itſelf in the water of the internal one, had forc'd out the water, 
-In the cylindrical „ as low as the upper of the ſtem; at which 
great expanſion of the air, the external pipe, being ſpeedily and ſecurely 
-cloſed by a certain contrivance, the air, thus rarify d, was kept ſome- 
times in my own chamber, that was warmer; ſometimes in an under- room: 
and, after it had been kept, from firſt to laſt, about eleven weeks, or 
Zhxee months, without any other remarkable variation, than that in the 
.cold-rpam, che water aſcended a little at that part of the internal 1 


* 


* 
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der ftem. At length we broke off the cloſed apex, when the water was 
but leiſurely (becauſe of the ſlenderneſs of the orifice made for the air to 
get into it) impell'd up into the deſerted cavity of the cylinder, which it 
wholly fill'd, except a little bubble, exceeding ſhallow. We made uſe of 
our eyes, at a fit diſtance, and of compaſſes, both ordinary and callaper, 
to obtain theſe meaſures. The Ya aan part of the internal pipe was 
three inches in length; and three fifths of an inch, or leſs, in diameter, on 
the outſide. The bubble was two tenths in diameter, and about two 
hundredths in depth. From all which, according to Dr. Wallis, who aſ- 
ſiſted in the experiment, the natural bubble was, to the ſpace it poſſeſs d, 
when expanded, as 1 to 1350. 


333 


where the lower- end of the cylinder gradually leſſenꝰd itſelf into the ſlen- Ph ee 


142. After the middle of September, on a ſun- ſhiny day, about noon, we Te condenſation 


took a bolt-head, or round vial, furniſh'd with a long ftem, and plac'd it aud its compre: 
in a frame purpoſely provided, ſo that the ſtem was perpendicular to the fe- — 


horizon, and the globular part ſupported by ſuch a veſſel, that thorough a 
hole made in its middle, the ſhank reach'd downwards, till the orifice of it 
was a little immers'd beneath the ſurface of a glaſs of water, placed at the 


bottom of the frame. This done, we took a large proportion of beaten ice, 


and mix'd it with a due quantity of bay-ſalt, and not only laid it round 


about the lower part of the ball; but the veſſel, contiguous to that part, 


being purpoſely made with turn'd-up brims, we heap'd up the frigorific 
mixture, ſo as to bury the whole ſpherical part of the glaſs in it, and co- 
ver the very top of it therewith to a conſiderable thickneſs ; whereby the 
air within being exceedingly cooled, the water, in which the ſhank termi- 
nated, was made to aſcend faſt along the cavity of that ſhank, till we per- 
ceived it would reach no higher: but, after a while, it began to ſublide 
again ; which nick of time being carefully watch'd, we made a mark at 
the higheſt ſtation of the fluid, and then taking out the bolt-head, we fill'd 
it with water; allowing for that ſmall part of the ſtem which was im- 
mers d at the beginning of the operation. This water weigh'd nineteen 
ounces, and ſix drams ; then weighing as much water, as ſufficed to fill the 
ſhank up to the mark before-mention'd, we found that to be one ounce and 
three drams ; by which number, the former. being divided, the quotient is 
14 ++ drams : ſo that the proportion of the two quantities of water, being 
as 11 to 158, the ſpace into which the air was condenſed by refrigeration, 
was to the ſpace it poſſeſs d in its former ſtate of laxity, as 147, to 1583 
and, conſequently, the greateſt condenſation, that ſuch a time of the year, 
ſuch weather, and ſo high a refrigeration could bring n air to, made it 
loſe but +34 of its former extent. 

But, in the following condenſation, or compreſſion of air, tho cold were, 
indeed, employ d, yet that could not contract the air to any thing near ſuch 
a degree, where the frigorific mixture did not primarily, or immediately, 
compreſs the included air; but only ſo affected the water that was ſhut up 
with it in the ſame veſſel, as to make it ſwell, and, conſequently, crowd 
the aerial particles into leſs room. 
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. The experiment was this. We took a new glaſs bolt- head, with a neck 


not long, and filld it ſo far with common water, that, being hermetically 
ſeal'd, the liquor reach'd within three inches of the top ; and making an 
-eftimate of the ſharp end, left ſo for the conveniency of ſealing up the 
glaſs, we gueſs'd, it to be about a quarter of an inch in length ; then, ap- 
plying ſnow and ſalt to the lower part of the bolt-head, we readily drove 
out the water further and further into the neck, till at length it was got 
up to the baſis of the ſharp conical end, where the glaſs was ſeal'd ; and 
then, juſt as I was looking upon it, the glaſs flew , with a noiſe, about my 
ears; being broke into many pieces, which argued the compreſſion of the 
air to have been very great. And Dr. Wallis, who was preſent, and 
meaſur'd it from time to time, deſired me to regiſter the experiment, with 
his eftimate ; which is, that the air was reduced into the fortieth part of 
its former dimenſions. 

This condenſation of the air is the more ſurprizing, becauſe fome of the 
greateſt mathematicians of our age, have not, with wind-guns, and- ether 
forcible engines, been able to crowd the air into leſs than the fifteenth part 
of its uſual extent. 


The fwrprizing 143. Tho* we could not find, that cold, in our climate, would reduce 


tenſion of the 
fame quantity 


of air rar! 


and compreſs'd. 


the air into near the twentieth part of its natural ſpace, by condenſation ; 


yet, heat will advance it to near ſeventy times its uſual laxity, by ra- 
rifaction. 

But, as by engines, and artificial contrivances, the air may be two or three 
times more compreſs d, than naturally it is, even in froſty weather; ſo, 
on the other de, it may, by means of art and inſtruments, be much 
more rarified, and expanded, than has been hitherto found, by the bare 
application of external heat, even that of an intenſe fire. | 

We may, alſo, obſerve, how much the utmoſt degree of its rarifaction 


dy heat, mention'd by Merſennus, falls ſhort of the degree to which it has 


deen advanced in our pneumatical engine; the proportion betwixt the two 
being that of about 1 to 70. 

But the air, we make our trials with, upon the ſurface of the earth, is 
not, properly, in a free and indifferent ſtate, with regard to rarifaction, 
and condenſation; but already highly compreſs d by the weight of the at- 
moſphere reſting upon it : whilft the air to be rarified, has, by virtue of 
its ſpring, a ſtrong tendency to dilate itſelf. 

Here, then, ſeems to be a ſurprizing — the air, as to rarity 
and denſity ; whereby the ſame quantity of air being, ſometimes, com- 
preſs'd, and ſometimes dilated, may change its dimenſions to a degree, that 

eems, almoſt, to tranſcend the power of nature and art; and, by conſe- 
quence, might, probably, be rejected as incredible, if it were abruptly, 
and nakedly propofed : for, we can ſcarce ſafely put determinate limits to 
the ſtupendous rarity, which the upper part of the atmoſphere, being, al- 
moſt totally, uncompreſs d, by incumbent particles of air, may be ſuppo- 
ſed to have by nature, unaſſiſted with art. 


But 
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But to compare together the ſmalleſt extent, to which we have reduc'd Pregnancy 
the air, by condenſation, and the greateſt to which we have advanc'd it by | 
rarifaction; the extent of the ſame quantity, highly rarified, is, to leave out 
ſome odd hundreds, 13,000 times greater than — ore; which, being mul- 
tiplied by 40, the degrees of the air's compreſſure, it will amount to 520,000, 
for the number of times, by which the air, at one time, may exceed itſelf 
in bulk at another: a difference truly ſurprizing, tho', doubtleſs, it might 


be carried vaſtly higher ! * 
B Efore we proceed to our other pneumatical experiments, tis ne- 
ceſſary to premiſe, what relates to the improvements of the chief en- 
gine, wherewith they were made, and to the other inſtruments employ'd 
therein. 
In our engine, with a double barrel, for exhauſting the air, AA, are two 4 deſcriptive of 


SECT. III. 


pumps made of braſs. ins withe 


BB, two ſuckers or Emboli, hollow within, and open below. 


ane 


double barrel for 
exhauſting the 


CC, two holes in the upper part of the ſuckers, with valves opening Fig. «8. 
outwards, to let the air eſcape, and hinder it from coming in. 
DDDD, iron rods, ſerving to move the Emboli, being annex'd to them. 
EE, two flat iron ftirrups, at the top of the rods DD, on which, the 
ror muſt ſtand to work the engine. 
GGG, a cord join'd tothe two ſtirrups, and running in the pully H. 


* Air, near the earth's ſurface, poſſeſſes 
about $50 times the ſpace of an equal 
-weight of water ; and, therefore, ſays Sir 
Iſaac Newton, © a cylindrical column of 
air, 850 feet high, is of the ſame weight 
<« with a column of air a foot in height, 
« and of the ſame diameter. But a co- 
* lumn of air, reaching to the top of the 
« atmoſphere, is equal in weight to a co- 
„ lumnof water, of about 33 feet high; if, 
« therefore, the lower part of the whole 
e aerial column of 850 feet high, be de- 
« duQted, the remaining upper part will 
« beequal, in weight, to a column of wa- 
« ter 32 feet bigh. Now, ſince the air 
is compreſsd, in proportion to the 
« atmoſphere that reſts upon it; and 
« ſince gravity is reciprocally as the 
« ſquare of the diſtance of the place 
« from the earth's center; I have found,” 
ſays he, that air, in aſcending from the 
« ſurface of the earth, to the height of 
+ one ſemi-diameter thereof, is rarer than 


Bbbb 2 


« with us in a far greater 
« than that of all the ſpace below the 
orb of Saturn, to a ſphere of an inch 
% diameter. Conſequently, ſuch a ſphere 
% of our air, of the rarity it has at the 
© height of a ſemi-diameter of the earth, 
« would fill all the regions of the planets, 
« as far as the orbit of Saturn, — vaſtly 
« farther! ” Newton. Princip. p. 470. 
This prodigious degree of rarifaction, 
ſeems unintelligible to Sir Iſaac Newton, by 
feigning the particles of air to be ſpringy 
and ramous, or rolled up like hoops ; or, 
by any other means than a repulſive pow- 
er; which is much greater here than 
in other bodies, becauſe air is very diffi- 
cultly generated out 6f very fix'd bodies; 
and ſcarce without the aſſiſtance of fer- 
mentation; for thoſe particles recede from 
one another with the greateſt force, and 
are moſt difficultly brought together, 
which, upon contact, cohere moſt ſtrong- 


ly. Newton. Optic. p. 371, 37% 
LL 
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II., two valves at the bottom of the pumps, opening inwardly, to ad- 


- 
7 


4 127 


N 


mit the air out of the tube MM. | | | 

MM, a tube reaching from both pumps to the plate OO, by means of 
the curvature PPQQ which ought to be fo long, that the tube PQQ, may 
not hinder the pumper from ſtanding conveniently on the ſtirrups EE. 

. OO, a plate bored in the middle, on which, the receivers, to be evacu- 
ated, are placed; as R, for example. 

Before bs engine can be fit for uſe, it is to be put into a frame of wood, 
to ſupport it, as Fig.69. and as much water 1s to be poured thro' the 
hole Q, in the plate OO, into the pumps, as will fill the cavities of the ſuc- 
kers, and a little more: then, a perſon muſt ſtand on the two iron ſtirrups 
EE, and alternately depreſs and elevate them. By this means, the 
ſuckers, following the motion of the ſtirrups, in their aſcent, will leave the 
ſpace in the bottom of the pumps empty; and ſince, as all other paſſage 
is denied from the air, that alone, which is contain'd in the receiver R, is 


convey'd into the pumps, by the tube QQPPM, and opens the valve 
L, which _ preſently 


9 hinders the ſame air from returning: 
wherefore, the ſucker afterwards deſcending, compreſſeth that air; whence 
of neceſſity, the valve C, muſt be EF and all the air paſs out at it ; be- 
cauſe, the water in the bottom of the pumps, exactly fills all the ſpace, 
and alſo regurgitates thro the valve C. 
This double engine is, upon many occaſions, preferable to a ſingle one ; 
ſince it doth, not only, produce a double effect, but, alſo, performs it much 
more eaſily: for, in thoſe engines, which are furniſh'd but with one tube, 
whilſt the ſucker is drawn up to evacuate the pump, the whole pillar of the 
air, incumbent on the ſucker, is to be elevated by force; and again, when 
the ſucker returns, it is alſo, by, force to be reſtrain'd, left it ſhould be too 
ſwiftly impell'd by the air, and/ſo break the bottom of the engine; but, in 
theſe double engines, the operator is, in a manner, wholly free from that 
toil. © For, in the firſt ſuctions, the Emboli are eaſily lifted up, becauſe 
the air, immediately derived from the receiver R, into the pumps, preſſeth 
the ſuckers downwards, almoſt as ſtrongly, as the external air, incumbent 
on the oppoſite part ; and, when the quantity of the internal air is dimi- 
niſh'd, the ſucker, to be depreſsd, tends downward with the greater force, 
and ſo, by means of the cord GGG, compaſſing the pully, draws the other 
Embolus upwards, and, at the fame time, hinders it from deſcending with 
too great velocity ; and, by this means, both ſuckers, at one and the ſame 
time, will aſſiſt the pumper. And, as the Emboli make but a very ſmall 
reſiſtance, the two pumps of this engine may beply'd with greater eaſe and 
expedition, than one pump in fingle engines ; whence, this contrivance is of 

great uſe in thoſe experiments, which cannot well be made ſlowly. 
The whole gage ABCDE, conſiſts of three glaſs-tubes, all well ce- 
mented together, ſo, that a paſſage remains open, from one to the other; 
the firſt of theſe tubes A B, being open at the extremity A, is of leſs capa- 
city, than the tube BCD, but of greater, than 'The tube BCD, 
| is 
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at the extremity E; but the part BCD, muſt be fill d with mercury. 

If this inſtrument, thus prepar'd, be put into a receiver, out of which, 
the air is to be extracted, the air remaining in the part ED, will, by its 
ſpring, compreſs the mercury DCB, and force it to aſcend into the 
BA, and itſelf will be dilated in the cavity DC. If, then, the following 
proportions be duly obſerv'd, between the magnitude and length of the 
tubes, when the air is extracted, the mercury will almoſt reach to the top 
A, and the air in the other leg, being ſo dilated, that it cannot ſuſtain a 
greater body of mercury, will remain included in that ſpace. 

But, that this inftrument may exactly ſhew the quantity of the air pro- 
duced in a receiver; the tubes AB, ED, are to be diſtinguiſh d by marks 
into ſeveral parts: and, when the Torricellian experiment is made, upon 
the plate LM, of the pneumatic engine, as Fig. 70. a receiver FGE, is to 
be taken, perforated, at the top F, and the tube HI, is to be tranſmit- 
ted thro the hole, that ſo the receiver may be apply d to the plate: and, 
then the hole F, being ſtop'd, and the gage ABCDE, put into the receiver, 
the air is to be Fa ent : the air, then, being dilated in thereceiver, the 
mercury cannot be ſuſtain'd ſo high in the tube HI, but muſt deſcend by 
degrees; and, at the ſame time, the air of the tube ED, gradually drives 
the mercury into the tube AB. Now, when the mercury, in the tube HI, 
deſcends to the height of twenty-nine inches, and remains at that height, 
if we mark how high the mercury hath aſcended intothe tube AB, we may 
know, that, as often as the mercury in the gage ſhall reſt at that height, 
the air, in the ſame receiver, will be able to ſuſtain, only twenty-nine 
inches of mercury; whence that place in the gage muſt be marked with the 
figure twenty-nine: and ſo, every inch of the mercury's deſcent in the 
tube HI, may be marked in our mercurial gage, when the part AB, will 
ſhew all the degrees of the rarifaction of the air. 

But, now, if the air be condens d in the receiver, above its wonted preſ- 
ſure, and all ways of its eſcape be ſtop'd, it may immediately be known, 
by the tube ED; for the mercury will be impell'd into it, by the incumbent 
air, thro'the open hole ſo much the higher, as the compreſſure of the air in the 
receiver ſhall be the greater; and how great that is, and what an altitude of the 
mercury it can ſuſtain, may eaſily be found, by computation, thus. 

It has been prov'd, that the ſpace poſſeſs d by air, is diminiſhd in the 
fame proportion, as the compreſſing force increaſes, and vice verſd. 

Let then, the ſpace A, be poſſeſs d by a certain quantity of air, whilſt 
the compreſſing force is F: if we increaſe that force by the addition of G, 
which is equal to it, our ſelf-ſame quantity of air will be reduc'd to half 
its ſpace, ſo that B, the remaining ſpace, will be half of the total ſpace 
A, as the former preſſure F, is half of the total preſſure Fand G. And, if 
we further increaſe the preſſure, by the addition of H, ſo that, the firſt 
preſſure F, is only one fourth of the total preſſure Fand G and H, the air can 
* only the ſpace C, which is one fourth of the total ſpace A. 

hus, the = ſpace will always be in the ſame proportion to the to- 

tal fpace, as the firſt preſſure is to the total preſſure. 80 


77 


is crooked in the middle, and the tube ED, ought to be hermetically ſeal'd, Nan 


a | — — — by 
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— So that the remaining ſpace, being to the total ſpace, as the firſt preſ- 


. 2 


A condenſer: 


ſure is to the total preſſure; three of theſe terms being known, it will 
be eaſy to find a fourth, by the rule of proportion. For inftance, in 
our gage, let the tube ED, be the total ſpace, into which the air is com- 
reſs'd, by the uſual preſſure of the air, which, in England, is equiva- 
ent to rg inches of mercury; the firſt preſſure, therefore, will be thir- 
ty inches of mercury. Now, if that preſſure be increaſed, and the air 
reduced into a leſs ſpace, ſuppoſe into the ſpace NE; to find the 
quantity of this preſſure, I meaſure the remaining ſpace NE, and con- 
ſtirute thar, ſuppoſe ſix inches, for the firſt term of the proportion 
then, the fecond term, will be the total ſpace DE, ſuppoſe twelve inch- 
es; the third term, the height of thirty inches of the mercury, which 
was the firſt preſſure; and fo the fourth term, or total preſſure, will be 
found to be ſixty inches of mercury : whence I conclude, that the preſſure 
of the air in the receiver can ſuſtain the mercury to the height of ſixty 
inches; and ſo of the reſt. 

From the ſame principle, it will be eaſy to find, what ought to be the 
proportion, between the ſize of the tubes AB, and ED. For that de- 
pends on the length of the legs, which, the higher they are, ſo much 
the better they reſtrain, and 5 in the air, but little dilated, in 
the ſeal'd part. For inſtance, let the length AB, be ten inches, which height 
of the mercury is one third of the accuſtom d preſſure, and it is ſufficient, 
that the tube HB, be twice as big, as the tube ED ; for, after the mercury 
hath aſcended to the top of the tube AB, the air included in the other leg, 
expanding itſelf into the ſpace forſaken 75 mercury, will poſſeſs three 
times more than its former ſpace; and ſo one half of the firſt preſſure, 
-which is ten inches, will be ſufficient to curb its ſpring. But, if 
-the legs were ſhorter, the mercury would be expell'd, by the included 
air, at leaſt in part. And, therefore, the magnitude of the tube AB, 


ought to have a greater proportion to the magnitude of the tube ED, that 


the aſcending mercury may afford more ſpace to the air, to be dilated ; fo 
-that the ſpring of the air being weaken'd, the _ of the mercury can- 
not be overcome. And, thus it would happen, if the height of the gage 
were to the height of thirty inches, in the ſame proportion with the firſt 
ſpace of the air, to the total ſpace it would poſſeſs in vacuo. 

The height of the tube, ſhould rather be too long, than too ſhort ; be- 
cauſe, if it be too ſhort, the mercury will be expelld in part, and ſo, not 
ſhew all the degrees of rarifaction; but, if it be too long, the mercury 
will, only, not reach to the top, and ſo the gage will, nevertheleſs, ſhew 
all the variations, tho they be leſs ſenſible. | 

But the tube DC, -ought to contain a ſufficient quantity of mercury, at 
the leaſt, -to fill the tube before any paſſage be open d for the air inclu- 
ded in the tube ED. 


In our engine to compreſs the air, AA, isa glaſs-veſſel, whoſe orifice is 
> tted to the flat plate BB. 


is a flat plate of braſs, made to cloſe the veſſel AA exactly. * 
a N x aw got » 2 
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CC, a ſmall rube of braſs, paſſing thro' the middle of the plate, and PrzvxariON; 
faſtened thereto. | 9 

E, a little valve, opening — to ſhut the ſmall tube C. 

F, the ſpring depreſſing the valve E. | 

GGG, the gnomon faſtened to the plate BB, made for reſtraining the 
ſpring F. 

2 ſquare lath, ſuſtaining the plate BB, and bored thro in the mid- 
dle, to tranſmit the little tube C. 

LLL, LLL, two iron-wires, which, paſſing thro the holes in the lath 
II, and compaſſing the upper part of the iron-plate KK, hinder the plate 
from being much moved — the lath. | 

KK, an iron-plate, with a hole in the middle, formed into a female- 
ſcrew, to receive the male-ſcrew MM. 

MM, an iron-ſcrew, ftraitly to conjoin the receiver AA, with the plate 
BB; and, leſt the braſs-veſſel ſhould be broken, it is proper to put ſome 
wood and leather between the ſcrew, and the upper part of the receiver : 
leather, alſo, is to be put upon the plate BB, both to prevent the break- 
ing of the glaſs, and the more exactly to ſhut the receiver. 

NN, a pump faſtened to the tube C, below the plate BB. 

OO, the ſucker of the pump NN. | 

P, a little hole in the lower part of the pump, by which the air enters 
into it, when the ſucker is brought to the loweſt part thereof. 

To compreſs the air by . means of this engine, we = the bodies, 
whereon the experiment is to be made, into the receiver AA ; and laying 
it on the plate BB, firmly bind it thereto, by help of the ſcrew MM. This 
done, the ſucker or plug OO, is to be drawn, till the external air, by the 
hole P, can fill all the _ part of the pump ; then, if the ſucker be 
drawn upwards, the air finding no other paſſage, will open the valve E, 
and enter into the receiver AA; from whence there is no regreſs, becauſe 
the valve E, is preſently depreſſed by the ſpring F, and ſhuts the hole C. 
And ſo we may repeat the compreſſion of the air into the veſſel AA, at plea- 
ſure ; whilſt the quantity thereof is eaſily known by the mercurial gages. 

But I ſo faſhion the pump, that it may be fitted, by a ſcrew, to the 
tube C; for, thus, when one receiver is full, we may take away the 
pump, and uſe it to fill others. | 

7 becauſe, in theſe engines, mercurial gages ſerve to ſhew the de- 

ees of compreſſion ; there is no occaſion for the gages before deſcribed ; 

or thoſe are made with more difficulty, and, beſides, afford but a ſmall 
ſpace, wherein to note the degrees of compreſſion. It is, therefore, better 

to bend the glaſs- tube, ſeal'd at one end, in ſeveral places, as in the figure 

T, that a long tube may be contain'd in a ſhort. receiver; ſo that the ry. +. 
mercury, being put in thro' the open end, as much as will ſuffice to fill 

the length of one inch; all the reſt of the ſpace, fill'd with air, will ſerve 

for marking the degrees of compreſſion, much more ſenſibly than can be 

done in a ſhorter tube. 4 2 


Here 
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Ne. Here we muſt note, that when the mercury tends downwards, in ſuch 

WY MV an infleted gage, the weight thereof forwards the external preſſure ; but 
when it is impell'd upwards, the ſame weight reſiſts it: a difference to be 

* gar in very accurate experiments. 

To wix liqur: of In order to make mixtures in compreſſed air, let the receiver be AA, in 

powders in c- which we would mix either liquors, or powders. 

12. | — QQ, RR, be two tubes, each of them ſeal'd at one end, and open 
at the other. | | 
| — oY veſſel of braſs, to be laid upon the orifice of the tubes, as 
in the figure. 

The liquors to be mixed, muſt be poured into the tubes QQ, RR, each 
liquor in its own tube; and let the veſſel RQ, being inverted, be laid on the 
orifices of the tubes ; and, in that poſture, let all be cover'd with the re- 
ceiver AA ; let the ſcrew be driven, and the air intruded after the manner 
juſt deſcribed ; and when the gage IT, ſhews, that the compreſſure is ar- 
rived at the degree intended, the engine is to be inverted, and ſo the li- 

Auors will flow down from the tubes into the veſſel RQS, and be mix d 
there. If more liquors, or powders, are to be mix'd, the number of the 
tubes is to be increas d accordingly. 

Tomake and To tranſmit air out of one receiver into another, we uſe the following 

Aal, ge contrivance. TIE 

ene receiver into AA, is a flat plate of metal, with a hole in the middle. 

. B, is the ſtop-cock, faſtened to the hole in the middle of the plate AA, 
one of whoſe ends is form'd into a male-ſcrew. | 

Rg. 74. & 73, DC, is a copper-funnel, open below, with a broad orifice, (that it 

; might be eaſily ſer upon the pneumatic engine, and there ſtand firm;) and 

the upper part of the orifice D, is faſhion'd into a female-ſcrew, to re- 

.ceive the male-ſcrew of the ſtop- cock BB. 

EE, is a ſmall tube, open at both ends, which are cut into a female- 
ſcrew, to receive the male-ſcrew of the ſtop-cock BB. 
FF, is the receiver laid on the plate AA, and exquiſitely -fitted thereto. 
"Now, to make factitious air, we muſt put the matter which is to pro- 
duce the air, into the receiver FF; and placing that on the plate AA, 
by means cf the ſcrew, we ftrongly faſten it thereto, as in our engine 
for compreſſing the air; the ſtop-cock BB, we inſert into the female- 
ſcrew D: then the orifice C, and with it the receiver, is to be placed up- 

-on the pneumatic-engine, and the ſtop-cock B, being open'd, the air is to 

be extracted. When the receiver FF, is emptied of air, the ſtop-cock B, is 

xo be .ſhat, that all paſſage to external air into the receiver may be de- 

-nied ; and the ſtop-cock, being taken out from the female-ſcrew D, the 

receiver is preſently to be immers'd in water; ſo that, at leaſt the plate 

AA, with the ſtop-cock, may be cover d therewith : thus no air from 

-without.can find entrance ; and the air, produced out of the matter in the 

receiver, will be preſery'd unmix'd ; whilſt the degrees of its rarifaction, 

or. compreſſion, are known, as thoſe of common air. 


Bur 
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But if we would tranſmit that air into another receiver; another re- Fru Arise 
ceiver FF, with another plate AA, and a ſtop- cock BB, is to be procured, 7 
and evacuated: then, by means of the ſmall tube EE, we join the 
ſtop-cocks BB of, both receivers, when all ſuſpected places are to be 
d with cement, that no external air may find entrance. Then, the 
ſtop- cocks being open d, the air, produced in the former receiver, flows 
into the latter ; and the ſtop-cocks being again ſhut, and pluck'd out from 
the tube EE, the receivers may be kept a-part: when if there be any 
matter included in the latter receiver, we may eaſily view what influence 
the factitious air hath upon it. | | | 
But, becauſe the mercurial gages, lately deſcrib'd, are ſpoil'd, if they 
be inverted, and the crooked gages: preſently expel their mercury, if the 
air be rarify d in their receivers; ind, ſince the operation, here deferib'd, 
cannot be perfected, but both receivers muſt be inverted, and both, like- 
wiſe, emptied of air; gages of another ſort are to be made, after the 
manner following. 4 | | | 
AA, is a glaſs vial, fill'd with mercury to the ſuperficies DD. | Fig. 76. 
BB, is a glaſs tube, very well cemented; in the oriice of the vial. - 
CC, is another tube, tranſmitted thro' the tube BB, and reaching to the 
bottom of the glaſs. This tube muſt be ſeal'd above, and open below; 
neither muſt it ſo exactly fill the tube BB, but that paſſage may be given to 
the external air, withinthe glaſs AA. | 
If this inſtrument be put into a receiver, from which, the air muſt be, 
afterwards, extracted, both tubes will be exhauſted of air; and, when 
invert the receiver, to take in new air, as in Fig. 74. the mercury will 
flow down to the orifices of the vial, and be there kept, below the orifice 
of the tube BB; when the new air entring, will eaſily fill both tubes, and the 
vial : then, the receiver being erected, the mer will again reſt, m 
the bottom of the vial, and the orifice of the tube CC, will be plung'd in it. 
And, if any air be produc'd, out of the bodies included in the ſame re- 
ceiver, the mercury will aſcend into the tube CC, and there, reducing the 
air into a narrower ſpace, ſhew the degrees of compreſſion. 
* inſtrument where with we filtred air thro' water, was thus con- 92 
triv | 
AA, is a glaſs receiver, whoſe orifice, laid upon the plate BB, agrees Fig 77: 
intety” therewith! 229707 20 IG 29 7 | 
** plain plate with a hole in the middle, to tranſmit the tubes 
CC, DD, are two tubes cementedto the plate BB; one of which is no 
higher than the plate, but the other reacheth almoſt to the top of the recei- 


, EEE, is a ſtop- cock, to whoſe holesthe extremities of the tubes CC, DD, 
are . | | SEES 
* the key of the ſtop- cock unperforated, wherein is only one chink 


Vo 1. II. | Cccc thas HH 
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Fannie. HH, is the receiver, compaſſing the end of the ſtop-cock, and faſtned to 
ni,, preventing the entrance of the outward air, and communicating with 
the pump II. f 

II. is a glaſs veſſel. 

>a is a hole in the top of the receiver, whoſe topple is faſtned with 
a ſcrew. . | 

Fig. 78. The next figure exhibits a ſtop-cock, cut tranſverſly, that the two 
tubes CC, DD, may be the better diſtinguiſhed, and thein inſertion into the 

ſtop- cock be perceiv d. 
his inſtrument is thus to be uſed: we put the thing about which the 
experiment is to be made, into the veſſel; and the receiver AA, being laid 
on the plate BB, we pour water into the hole M, till the receiver be a- 
bout half full, and the veſſel LL, with the matter contain'd therein, ſwims 
on the top thereof; then we ſtop the hole exactly, and faſten it with a 
ſcrew. The key is afterwards to be ſet ſo, that the chink GG, may com- 
municate with the tube CC ; then the plug being brought to the loweſt 
part of the pump, the air of the receiver KA, —_ through the upper 
hink GG, into the re- 


orifice of the tube CC, will low down thro? the c 


me upon it, and ſcrewed to it, as the figure ſhews. Then let the pump 


4 wiadgesn, In our wind-gun AA, is a hollow lobe. 
BB, a tube, ed to the globe. ene 
1 F, a valve opening inwardly, and ſhutting the tube BB, Fang 
= | ay . , 
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G, the ſpring depreſſing the valve. | 

H, a gnomon affixed to the globe AA, and making faſt the ſpring G. 

CC, a tube of iron, faſtned to- the tube BB, and the globe AA. 

DD, a plug exactly fitted to the tube. 

EEE, another plug fitted alſo to the tube BB, with an iron wire, reach- 
ing almoſt to the valve F. 

"R , the protuberance of the tube CC, ſomewhat hollowed above, to re- 
ceive the end of the iron LL. 

LL, a crooked iron, moveable about the extremity in R, ſo that it 
ſerves as a lever to lift up the plug EEE. 

OPO, a crooked iron, faſtned in M, that the thumb reſting in the angle 
P, the reſt of the fingers may attract the lever L, and fo force the plug 
EEE, upwards. But the curvature is deſign d, that the one ent, O, might 
be applied to the ſhoulder, in aiming at a mark. 

a rectangular piece of iron, compaſſing the lever LL and the iron 
OPO, to keep the lever in its poſture; for, otherwiſe, the plug EEE, 
would be thruſt far out, whilſt 4 air is intruded into the globe AA. 


II, an elliptic hole, in the upper part of the globe, very well ſhut with 


a valve, opening inwardly, to give liberty of inſpection, and of amending 
what is amiſs; 1 the valve may be drawn through the hole, by reaſon 
of its elliptic figure. 

SS, a metalline plate tranſverſly placed above the hole II, and perfo- 
rated to tranſmit the ſcrew V, by help whereof the valve, ſhutting the 
hole II, is ſuſtained, and applied cloſely to it. 

Q a hole in the lower part of the tube CC, by which the air enters in- 
to the tube, whilſt the plug D, is brought to the loweſt part thereof. 

The air is forced into this engine, by ſetting the foot upon the crook- 
ed end of the plug DD, that it may not be removed from the ground, 
and lifting the engine upward, till the upper part of the plug comes be- 
low the hole Q; and then the air entring through the hole, wholly fills 
the tube CC. 

Then, by forcibly depreſſing the engine, the air, contained in the tube CC, 
opens the valve F, and 1s thruſt into the globe AA ; whence it cannot re- 
turn, becauſe the valve preſently ſtops the paſſage : and thus, by repeated 
ſtrokes, we may condenſe the air in the globe 
cannot be overcome by our ſtrength. 

If we would diſcharge the air ſo condenſed, the plug DD, is wholly to 
be drawn out, and a bullet to be put into the bottom of the tube : 
then, by means of the lever LLL, the plug EEE, is to be impell'd upward, 
as we ſaid before; when, the extremi the iron-wire, opens the valve 
B, and the air breaking out os expels the bullet through the 
tube CC, with great violence. 

But before the plug DD, is again put into the tube CC, for the com- 
preſſion of the air, about half an ounce of water is to be pour d into the 
tube. For, by this means, no air at all can eſcape out by the plug; and, 


moreover, that water exactly filling the upper part of the tube CC, the 


CCC2 whole 


„ till the force of its ſpring. 
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FF, . reaching from the ſtop-cock EE, to the hole made for ſu- 
ction in the pneumatic engine. ae e | 1 
6, a metalline veſſel, including the junctures of the veſſels with the 
diaphragm, and alſo the ſtop-cock, that being filled with water, it may 
keep all ſafe from the external air. This is to be ſolder'd to the veſſel AA. 

o uſe this engine, we take away the diaphragm BB, and put the in- 
gredients into the veſſel AA, and ſet it in a convenient place, till it is to 
be evacuated; then putting on the diaphragm BB, and the veſſel DD, we 
apply all to the pneumatic engine, and b 7 means, of the tube FF, the air is 

umped out of the veſſels,” the veſſel GG being yet firſt filled with water. 
| Then the 22 Cates is ſhut; and taking away the tube FF, we may place 
the evacuated engine on the fire, when the vapours, aſcending 8 the 
tube CC, are condenſed in the upper veſſel, and ſo we have a liquor di- 
ſtilled in vacuo. The quantity of the generated air, is known by the 
mercurial gage ; but that muſt be kept in the top of the receiver, leſt 
the mercury exhale, by reaſon of the heat. 8 8 
Round pieces of paper, perforated in the middle, are to be laid over the 
orifices of the veſſels AA, DD, that they may be the better juined with 
the diaphragm; the commiſſures of the tube FF, with the ſtop-cock, and 
pneumatie engine, axe to be fortified, with cement; and the ſtop- cock EE. 
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nent, without the veſſel, thro* the hole, to be conveniently turned; never- 
theleſs, the ſtop-cock, with the diaphragm, may be taken out of the yeſ- 
ſel GG, whilſt the veſſel AA, is to be filled with the deſigned matter. 


And that is very eaſily done, becauſe the key conſiſts of two parts, one of 


which M, is turned in the ſtop-cock itſelf, by means of a certain chink, 
which receives the ſmall protuberance of the other part OO, that exaQtly 
fills the ſmall pipe NN, faſtned to the veſſel GG ; and being prominent 
outwardly, may eaſily be turned in it, and communicate its motions to the 
other part M: but it is drawn outward, whilſt the diaphragm BB, is to 
be taken out of the veſſel GG. | 

Fig. 82. ſhews another inſtrument, differing from the former, in that it, 
almoſt, wholly conſiſts of glaſs, and affords a longer paſſage for the va- 


urs. 
5 BB. is not a diaphragm, but a ſmall tube, poliſhed at both ends, that it 
may exquiſitely ſuit with the orifices of the veſſels A, and D. 

AA, DD, are two glaſs veſſels, whoſe orifices are applied to the tube BB; 
whence the vapours are eaſily tranſmitted from the one to the other. 

EE, FF, GG, and I, have the ſame uſe as in the former figure; and the whole 
inſtrument is to be evacuated after the ſame manner, and placed uponthe 
fire ; except that here the veſſel AA, as being made of glaſs, muſt not be 
put on an open fire, but ſet in balneo Mariz, or on ſand ; and the vapours 


will be condenſed in the veſſel DD. 


* 


is ſo to be diſpoſed with the reſlel GG, that part of the key may be Promi- 


Several to- 


(1.) July 11. 1676. I included a little piece of bread, very moiſt, and a — 


little kneaded, with a mercurial gage, in vacuo. 


Auct᷑ ion of air 3 
July 12. In fix hours time, no air was produced yeſterday ; but this 2252 — ; 


night, a little broke into the receiver, and ſuſtain'd three inches of mercu- 
ry; for I had neglected to fortify the cover with turpentine. 

Towards the evening, I found the mercury higher by about an inch; 
and am very certain, that nothing had entred from without. 
Juby 13. This night, alſo, the mercury aſcended higher; but my gage 
was not exact enough to diſcover how many degrees. 

July 26. The bread disjoined its receiver from the cover, by the force 
the air produced, and the ſmell of it was acid. 

Hence it follows, that water is a fit menſtruum to draw air out of bread. 

(2.) July 11.1 tried to extract air from bread, by the help of a burning 
glaſs, wherewith I burnt bread in vacuo, and found it generate much air, 
which, ever and anon, broke out, as- by fulmination ; whence it ſeems: 

that air is contained in bread, but ſo cloſely there 

in, that no eaſy operation can give it vent; but that if any thing could 
diflolve and looſe that knot, it may then produce great effects. 


(3.) Sept. 22. I took eight ounces of dry'd grapes, and, with ſeven oun- Fros g 
em 


ces of water, included t in a receiver, able to hold twenty- twa ouncea 


of water. 'The grapes were bruiſed. 
Sept. 23. The receiver lay buried under the water all this night, yer the 


mercury aſcended two whole inches. | & 
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rie, Sept. 30. In ſeyen days time the mercury roſe to the height of thirteen 


inches. 
 Oftob, 5. In five days more, the mercury aſcended twelve inches, and 
was now twenty-five inches high. | 


©. Octob. 18. The mercury continued not to aſcend with the ſame ſwift- 
 _ © neſs, and the air began to paſs out of the receiver; but not before this 
day; yet theſe grapes produced much more air, than thoſe which I inclu- 


ded without water. 
* (4) Jah 12. I included ten ounces of raiſins of the ſun, bruiſed} in va- 
cuo, with a ſufficient quantity of water, to promote fermentation. 

July 14. In two days they had produced ten inches of air. 

About evening, the mercury was fifteen inches high : the fifteenth day the 
mercury had almoſt reached to its accuſtomed height. 

July 16. In the morning, I found the receiver ſever'd from its cover ; 
and the air breaking out thro the water, in which it was plunged, I inclu- 
ded the ſame raiſins again in vacuo. 

July 18. This day, in the morning, I found the air again breaking 
Out. 

July 19. I ſhut up the ſame raiſins in the ſame empty receiver. 

8 July 21. This day I found the receiver full, and the air breaking out 

It. 

I again ſhut up the ſame raiſins in the ſame exhauſted receiver. 

July 23. Yeſterday, about noon, I found the whole receiver almoſt full 


of air; and this day, in the morning, perceivd it to paſs out very often. 


It appears, then, that grapes without water, can generate but little air; 
whence it is manifeſt, that water is a fit medium to draw air out of them: 
"Tis alſo evident that the production of air is not begun preſently upon 
the affuſion of water, but proceeds with greater ſwiftneſs, after the parts 
of the water, in five or fix days time, have more deeply ſunk into, and per- 
vaded the grapes. 

(J.) Aug. 13. 1677. I included pears in two exhauſted receivers, and 
plumbs in another. 

Aug. 16. In three days time, all my receivers were filled with air, new- 
ly generated; and one of them, which included the pears, becauſe I had 
left ĩt expoſed to the ſun, was, in the ſpace of 24 hours, ſeparated from its 
cover: whence we may conjecture, that the production of air is very much 

by the heat of the fun. 

(6.) Oftob.” 16. 1677. I took two ounces of grapes bruiſed, and ſecured 
them from the air, in an exhauſted receiver, capable of containing twenty 
ounces of water. | 

Ofob. 17. The mercury roſe higher about one half-inch. 


Octob. 18. Theſe laſt twenty-four hours, the mercury ran up about ano- 


ther half-inch. | 
Octob. 20. The height of the mercury was two inches. | | 
On the twenty-ſecond, it was almoſt four. And, on the twenty-ſeventh 
it was almoſt {ix inches. - | 
12 N. 
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inches. 
Octob. 16. 1677. I put three ounces of bruis'd grapes, with half an 


ounce of ſpirit of wine, into a receiver, able to hold thirty ounces of wa- 
ter; and then I exhauſted the air. 

Octob. 17. The mercury aſcended but a very little. 

; _ 18. The mercury came not up to the height of one quarter of an 
inch. 

Octob. 20. The mercurial gage was out of order. 

Jan. 2. 1678. I, this, day found my receiver fill'd with air; and, alſo, 
when part of the liquor was pour'd out, ſome bubbles were form'd in 
the turpentine, abour the orifice, and broke outwardly. 

From this experiment, made in two receivers together, it ſeems to fol- 
low, that ſpirit of wine much advances the production of air in vacuo; 
tho, in common air, it wholly hinders it. 
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an. 2. 1678. The mercury, yet, aſcended not to the height of ten Nu, 
7 7 rcury, y o the heig 6 


(7.) July 19. 1678. I put muſt, expreſſed from grapes bruis d, and kept Fon . 


for ten months in a veſſel, ſtopp'd with a ſcrew, into the ſame receiver, 
being alſo ſtopp'd with a ſcrew. 

July 21. The mercury had not aſcended at all. 

23d. The height of it was three. 

24th. The height was five. 

25th. In the morning it was an hundred and four. 

Towards the evening, the height was an hundred and thirty-ſeven ; and 
the muſt Rec out. 

26th. The muſt was almoſt all got out of the receiver; and altho the air 
now poſſeſs d double the ſpace it did yeſterday, yet it kept up the mercury 
to the ſame height. 

27th. About half of the remaining muſt broke out this night, becauſe 
I had omitted to ſet the ſcrew, left the receiver ſhould be broken. 


From this experiment it follows, that grapes, kept for ſo long a time, 


rather acquire, than loſe a fermentative virtue. 


(8.) Jan. 30. I put two quantities of apples, boild the day before, into Fow . 


two receivers, ſtopp d with ſcrews; with one of them I mix'd a third part 
of ſugar, the other had no ſugar at all. 'Theſe receivers were quite full. 

Jan. 3 1. I included raw apples, bruis'd, in three receivers; in one of them 
I mix d a third part of ſugar ; the ſecond was without ſugar, and ſo was 
the third; but it differ d herein from the ſecond, that it was fix times as 
big: for, by this means, we may know, whether the capacity of the veſ- 
ſel, or the mixing of ſugar, or the crudity of the fruit, can promote, or 
retard the production of air. ; 

Febr. 10. In that receiver, only, which contain'd the raw apples, with ſu- 
gar, ſome air was produc'd. f : | 

Febr. 14. The raw apples, with ſugar, had impell'd the mercury up to 
thirty inches; thoſe that were boiled with ſugar, ro two only; in the 
other receivers no air was produced. 2 


Febr. 


= 


if 
* 
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Punic 9108: Fabr. 18. In the receiver, containing the raw apples, with ſugar, the 


mercury came to the height of fifty-ſix inches; in that containing the boil'd 
a with Tugar, the height was three: in the other receivers, there was, 
o, ſome air produced, except in that wherein the boiled apples, without 
ſugar, were put. I open'd that receiver, in which the apples had produced 
ſo great a quantity of air ; yet the apples ſeem'd hardly to be fermented, 

but had a moſt pleaſant taſte. 3 | 

Febr. 21. The boil'd apples, without ſugar, had loſt ſome of their juice ; 
and, opening the receiver, I found the cover broke, and yer the apples 
were not at all rotten. 

March 1. In the great receiver, containing the raw apples, the mercury 
was twenty-five inches high ; in the little one, only ſeyen : but in that 
where were the apples boil'd with ſugar, the mercury had aſcended to nine 
inches. | 8 

March 8. In the great receiver, the height of the mercury was twenty- 
nine; in the leſſer, twenty-two and a half; and where the boil'd apples, 
with ſugar, were, the altitude was nine inches. 

March 17. The juice got out of the great receiver; in the little one, the 
height was ſixty- ſeven; where were the apples boil'd with ſugar, it was 
fifteen inches. 1 | 

From this experiment it ſeems, that ſugar, the crudity of the fruit, and 
the largeneſs of the receiver, all contribute to the production of air. 


Feveral ways to (9. December 21.1678. I made paſte of wheat-flower,without leaven, and 


For iaſt ance, in 
Safe. 


inder the pro- 
lon of air; 


put it into an exhauſted receiver ; then I put the receiver in an apartment, 
with a fire, which there kept a greater heat than is uſual in the middle of 
ſummer ; yet the paſte produced no air in ten hour's ſpace : whence it 
ſeems to follow, that if dough hath once ſuffer'd too much cold, it can 
ſcarce recover its faculty of termenting ; for, ſome years ago, when I 
made dough without leaven, in the ſummer- time, it ſoon produced very 


much air i vacuo. 


(10.) May 23. I incladed three ounces of dough, kneaded with leaven, in 
A receiver, capable of holding fifty ounces of water; I, alſo, pour d 42 
it ſome quantity of ſpirit of wine, to try whether fermentation would be 
5 d by that means. ee | 

124. The mercury was 29. No change. | 

-  -. inches hi June 2. re 

26. Ras change. | *. little higher. 

27. No change. 14. No change. 

December 14. No more air being produced from the dough, I took it 
out of the receiver, and found the ſmell of it not grateful, but inclining 
to neid: I put it into an empty receiver, and there it ſwell'd to double its 
uſual ſpace, and made a little ebullition. | 

N 23- L included three ounces of dough, kneaded with leaven, in a 


| = om hold fifty ounces of water; but here I mixed no ſpirit of 
* a 1795 f " | #1 ['s 


” * * 
. 
19 
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24. The mercury was nineteen | May 26. Twas 38 inches high. 
NB inches and a half high. | 27. There was no ems 
December 14. The mercury continued at the ſame height ; and, this day, 
opening the receiver, I found the dough had a very acid ſinell. 
From this experiment it ſeems to follow, that fpirit of wine, even in 
dough kneaded with leaven, hinders the production of air. wa 
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(I.) Auguſt 29. I included pears, with a mercurial gage, in a receiver Is Rear. 


full of water, and then intruded air into it, till the mercury reſted twenty- 
ſix inches higher than uſual; within a quarter of an hour, one of the 

ars was broken, and, afterwards, almoſt all of it reduced to pulp. 

Aug. 30. In twenty-four hours ſpace, the pears ſeem'd to have afforded 
no Bs Ks, on the contrary, the mercury in the gage was depreſſed an inch 
and a half. 

Aug. 31. 1 found no change in the height of the mercury. 

Sept. 1. The pears began to produce air, and the mercury was almoſt 
twenty- ſeven inches high. 

Sept. 2. In twenty-four hours time, the mercury aſcended more than 
eight inches; and now twas thirty-five inches high. 

Sept. 3. The height of the mercury was increaſed ſeventeen inches; ſo 
that now it was about fifty-two inches high. 

Sept. 4. Within N hours, the mercury roſe ſeven inches high- 
er, and * reſted => Ie Fe - — 

5. It was four inches high; and a „being broken, was 
1 black. gh PIN 'S I 
Sept. 6. Three inches, and more, being added to the height of the mer- 
cury, it came now to ſixty- ſeven inches, and one fourth, beyond what it 
was accuſtom d. | 

Sept. 7. Ir deſcended three inches, and reſted again at ſixty-four. 
Sept. 8. The mercury was depreſſed to fifty-eight inches; and ſome of 
the water having broke out, I ſet the receiver with a ſcrew. | 
Sept. 9. The mercury aſcended full three inches, and was now ſuſ- 
pended above ſixty- ſeven. | 710 | | 
Sept. 10. In twenty-four hours it mounted one and a half, and ſtopp d 
almoſt at fixty-nine. x | | | 
Sept. 1 1. Now it began to deſcend again, and ſtood no higher than 
ſixty-ſeven inches; yet, I am certain, nothing had eſcaped out of the re- 
ceiver; but it was a ſharp cold night. . 10 | : 
| Sept. 12. No change happend. | 
Sept. 13. 'The height of the mercury o_ decreaſed, and it was not 
above ſixty-four inches. The cold increaſed, | 
12. 14. In twenty-four hours, it became higher by ſix inches, reaching 
to ſeventy. 6 1 A, { 0&- | 
Sept. 16 It was about ſixty-nine | Set. 20. It again aſcended to 71. 
| inches high, | 23. The mercury was again de- 
. 19. It remained the ſame. preſſed to ſixty- nine. 
Octob. 1. It came to the height of ſeventy-five inches. = 
Vo L. II. | + Dddd O ctob. 
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Pazuxearres,: Offob, 3. Yeſterday I found no change at all in the mercury; but to-da 
r reſted 1 and the cold was very ſevere. MAE 7 
Oftob. 5. Yeſterday the mercury remain d in the ſame place; but this 
day it reach'd to ſeventy-five. It was a rainy day. | 
_ 7. It continu'd rainy; and the mercury continu'd at the ſame 
W | | 
Ofob. 10. Hitherto the cp They not changed; but this day I found 
it had deſcended to fixty-nine inches; tho the rain ceas'd not. 
Octob. 12. Yeſterday the mercury ſtood ſtill; but this day it was de- 
preſs d to ſixty-five inches; and the cold weather return'd. 


Oftob. 13. The height of the mercury | Nov. 5. The * was eighty and 


was ſixty- four. | a half. The cold abated. 
14. The height ſſixty- nine. 22. The height was ſixty-five. 
15. J was T ſeventy-four. It was a hard froft. 
24. The height was ſixty- 27. The height was ſixty- eight. 
eight. It was a cold It thaw'd. 
ſeaſon. | Decemb. 6. The height was ſixty-one. 
Nov. 2. The height was fſixty-four. | It was a very ſevere 
The cold increas'd. froſt. | 


From this experiment we may learn, that fruits, in a great compreſ- 
ſure of the air, cannot produce ſo great a quantity of air; for when I made 
an eſtimate of the quantity of the fruits, and of the ſmall ſpace to be 
fill'd with air; I found that quantity of air was not one eighth part of what 
had been produced in a large empty receiver: tho* the coldneſs of the water 
might, hinder the generation thereof, as the following experiment 
will ſhew. RY 

"Tis farther manifeft, that the air is produced by ftarts, and, as it were, 
by reciprocations ; as all bodies, in motion, by the force of their gra- 
vity, or of their ſpring, are carried beyond their point of reſt, and ſo 
make many vibrations, or returnings. d tho cold and hear are not the 
fole cauſes of ſuch reciprocations, yet they ſeem to contribute much 
thereto. 

; ain, (12.) Feb. 22. 1677. J included ten ounces of paſte in a receiver, that 
— would hold twenty-two ounces of water; and, afterwards, I thruſt as 
much air into it, as ſufficed to ſuſtain ſeventy-three inches of mercury, 
by? the wonted preſſure. In two hours ſpace J perceived no ſenſible 
change. | 

Febr. 23. In eighteen hours time, the mercury roſe ſeven inches only, 

its height being eighty. | | het 

In ſix hours it ae 0 height was eighty-three. 
| 90 | And water ſeem'd to be expreſs d 


Febr. 24. 
l : 97. out of the maſs. 
26. ba 101 f : 
„elts height was March 2. 120 
27. | 105 Its t was 
1 N 1077 | 55 * iy 
March x.3; 112 J 405. It remain d at 121. 
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March 8. During theſe two or three laſt days, the froſt breaking, the NAA Nies 
mercury ran up four inches ; and, the height thereof was one hundred WY 
and twenty- five. 

March to. Yeſterday, the mercury remain'd at the ſame height; but, 
this day, mounting ſix inches, it reſted at one hundred and thirty-one. 

March 21. The cold continuing long, no air was produc'd; but, in the 
three laſt days the mercury aſcended ſeven inches, and remain'd at one 
hundred and thirty-eight. | 

April 4. Yeſterday, the mercury had aſcended, but I deferr'd meaſurin 
the quantity, till to-day ; in the night, one of the iron wires, that ftraitne 
the receiver, was broken, and the receiver thrown to the diſtance of four 
or hve foot. | 

Hence we may conjecture, that the compreſſion of the air, very much 
hinder'd the production thereof; for, that is uſually perform d, in paſte, 
in two or three days time. Cold, alſo, much hinders its production. 

(13.) March 1. 1677. I included two ounces of bruiſed raiſins of the ſun, Is raifins ent 
2 ſix ounces of vinegar, in a receiver; upon which, numerous bubbles "%*"- 

e out. | 

March 2. The mercury, in twenty-four hours ſpace, aſcended not to the 

height of half an inch; yer, ſome bubbles ſtill appear'd. 
ch 25. The vinegar always appear'd interſpers d amongſt ſome of 

the bubbles; yet, the mercury Alcended not to the height of one inch. 

Hence it appears, that vinegar hinders the production of air and fer- 
mentation; for, raiſins, of themſelves, afford much air. 

(14) April 7. I included ten ounces of paſte, in a receiver capable of Is h 
holding twenty-two ounces of water; afterwards, I intruded as much 
air into it, as ſufficed, to ſuſtain one hundred and twenty-eight inches of 

, beſides its accuſtom'd height. 

In fix hours time, the mercury roſe four inches, and reſted at one hun- 
r i a hes higher, and 
| ril 8. In ſixteen hours the mer ran up nine inc igher, an 
Rail, at one hundred and forry-one. 4 112 
Nine hours after, the mercury manifeſted no change. 
April 9. In the morning, I perceiv'd ſome air had broke forth, and the 
was depreſs d to one hundred and thirty inches; therefore, I 1 


mercu 

ſcrew'd the receiver tighter, and thruſt in eleven inches of new air: the 
height was one hundred and forty-one. 

Apr. 10. 151 Apr. 14. .' a 

11. The height 2158 15. The height J183 

12. was 168 16. ( was J187 

; 13. 176 17. | 191 
April 27. For eight whole days the mercury kept its ſtation; but, on 


the two laſt, it aſcended ſeven inches, and continu'd at one hundred and 

ninety- eight, above its wonted height. 

April 30. The mercury — at the ſame height, I caſed the ſcrew, 

{© that ſome air might * 4: 00k when the mercury bed. 
2 
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far deſcended, as to exceed its accuſtom'd height, only fifty inches, I pre- 
|  ſently ſer the ſcrew ; to ſee, whether, that remiſſion of the ſpring of the 
air, would afford any place for new air to be generated; and; in two or 
three minutes time, I found the mercury to have aſcended, ſenſibly higher. 
Three hours after, the mercury was found twelve inches higher; for it 
came to ſixty- two. 15 

In five hours, it aſcended one inch and a half. 

May 1. In fifteen hours, the mercury roſe, only, one inch. 

May 3. Yeſterday, it appear'd at the ſame height, but this day,” twas 
higher, by one and an half, and remain'd at ſixty-ſix. 

May 4. The mercury was not chang d, and, therefore, I ſuffer d all the air 
to eſcape ; but, I could not quickly ſet the ſcrew : whence it is probable, 
that very much air, which, at that time, was produc'd, got out of the re- 
ceiver ; nevertheleſs, after the receiver was again well ſtopp'd, I perceiv'd, 
that two inches of air, and more, had been produc'd in five or fix minutes 
time. | 
May 7. The mercury, in three days, again amout ted two inches. 

May 8. The mercury was higher by half an inch. | 

May 11. During theſe two laſt days, the mercury, again, ran up half 
an inch. I ſer this maſs, almoſt unfit, as it ſeem'd, to produce air in vacus; 
yy in five minutes ſpace, the mercury aſcended to the height of- one 

n | : | n 

May 21. It aſcended not quite three inches. 

May 30. The mercury refted at the height of four inches and a half. 

By this experiment, it appears, that all the air producible from paſte, 
may, after a ſort, be generated in a great compreſſion; yet, it is * 
what reftrain'd thereby ; for, in a leſs compreſſion, it will ſoon break out. 

Hence, alſo, we ſee, that air is producible by ſtarts ; and, that it riſes 
more ſlowly in compreſs'd than in free air: for, ſuch a production in the 
latter, is uſually over, in two or three days tine. | * 

( 15.) Juh 30. 1677. I included plumbs and apricocks, many of them be- 


ing firſt cut aſunder, in a receiver, and, afterwards, as much air, produ- 


oed out of cherries, as was ſufficient to ſuſtain ſixty- four inches of mer- 


. 1. The fruits had produced no air, but grew yellower than thoſe 
which were in common air. n boa 
Auguſt 3. The mercury roſe a little higher, and the apricock, which re- 


main'd pho, Len full of drops, like water. 


— Auguſt 7. The whole apricock grew ſofter ; the mercury ſtood, at fifty- 
nine inches 5 uſual ſtation. 5 29%; 5 85 
Ag. 8. 61A. 13 eh. (78 
„ The height 6s 46 U ole ny 8 
100 of it, was a | 8 
11) 74 16 and, the days following 


| | od ms OS: it remain'd at the ſame height. 
24. The height of it was ſeventy-ſeyen ; tho“, I certainly knew, that 
nothing had iſſued out of the receiver. 259. Find» 
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29. Finding, neither the fruits, nor the height of the mercury, changed nu e 
any more, I IL. the receiver, and Near d that the — had lebe 
their colour, very well; but the fleſh of them was ſpongy, and their 
taſte inclining to acid. Many bubbles had broke from them, at the time, 
they were freed from the ſurrounding preſſure. , 
July 30. ud I included the halves of the fruit, juſt mention'd,” in a Pt, aud 44 
3 full of common air; and, with them, others of the ſame King, r is cn 
July 31. The mercury had gain'd the height of eight inches. 
Auguſt 1. At ſix a- clock, in the evening, the mercury was twenty-one 
inches high; but, in the other receiver it remain'd unmov d. | 
Auguſt 3. They kept their firmneſs much better than thoſe included 
with artificial air. The height of the mercury was thirty-five inches. 
Auguſt 4. The height of the mercury was forty-two inches. 
Auguſt 6. 'The whole apricock, ſeem'd not at all alter'd. 'The height 


of the mercury was fifty-ſeven. 
| Aug. 70 The height 181 | Aug. 9 The height 4 113 
85 of it, was Tos; 10] of it, was C124 
. The colour of the whole apricock, „ Ed began, and now proceeded 
to grow yellow. No moiſture appear d. 
| Aug. 15 T The height 1 171 


Aug. 11 a 131 
| 20 1 345 16 of it, Was 171 
14 Pn 163 17 and, the days following, it 
remain d at the ſame height. 
Auguſt 27. The height was one hundred and eighty- two. 
Auguſt 29. When, neither the fruit, nor the height of the mercury 
changed any more; I open'd the receiver, and found the apricocks of a 
more acid, and leſs grateful taſte, than the others, in factitious air; tho 2 
their pulp was of a very good colour, but ſpungy: they alſo yielded many 
bubbles, as did the others. | | | 
Hence, *tis probable, that the artificial air of the cherries, greatly hin- 
dred the apricocks from producing air; tho? it promotes the alteration of 
their colour and firmneſs ; and, alſo, ſerves to preſerve their taſte. 
(16.) October 10. 1677. I included an ounce and an half of bruiſed, un- Gs i, cow; 
ripe grapes, in a receiver, that would hold ten ounces of water; and = «ir 
W out no air. | 
Ofvb. 11. The mercury aſcended | 21. The height was four and an 
a little. I half. | | 
12. There was but a ſmall change. | 22 The height remain'd the 
13. 'The height was half — 23 & fame, but the ' monldineſs © 
17. The height was one inch. 2249 encreaſed. _— 
18. The height was one and an half. 26 54 
19. The height was, almoſt, four. 270 The height | 
20. 'The height the ſame ; but 30 was 6+ 
ſome mouldineſs appear'd on | Nov. 2 74 
their ſuperficies. 
Nov. 6, 


Phyſ "0 mechanical 'E po — 65 * 
| 9 I 


* Nov. 23 
> 10 210 | 126 
9 > The height was C12 Dec. 8 The height was C36: 

12% 15 : I2\ 5 | 39 

14 17 27 - 39 


"Jan. 6. 1678. The height was 36. The air broke out. 
cob. 10. 1677. I made the ſame experiment in another receiver, ob- 
ſerving the ſame circumſtances; only here I mixed two drams of ſpirit of 


wine with the grapes. | 
OH. 11. The mercury was not | 08. 17. It aſcended a little. 


* 


changed. 18. The. height of it was not 
12. There was no change. | yet a quarter of an inch. 
13. The mercury was not mo- | 19. It was moved but a very 


ved. little. 
an. 6. The grapes, during all this time, had produced no air. 
hence it appears, that ſpirit of wine hinders fermentation. 
Apearbinan (17.) Ofob. 17. 1677. I put a peach into an. exhauſted receiver, with 


oy, wil Eu ſome quantity of ſpirit of wine, which could not touch the peach, unleſs 


in vapour. _ | E 
March 27. 1678.. I took out the peach, which had kept its colour, 
but loſt its firmneſs. Though the receiver was ſmall, yet it was not 
filled with air ; for when open'd, the air ſeemed to ruſh into it : the peach 
being ſoftned, was ſo depreſſed, that the lower part of it touch'd the ſpi- 
rit of wine; the ſuperior part, alſo, had — the taſte of the fpirit 
of wine, as well as that which was immerged in it. | 
/Beaches in air (18.) Octob. 17. I included five peaches in an unexhauſted receiver; 
E and with them, fome ſpirit of wine, which could not touch the peaches, 


unleſs it were elevated in vapour. 


14 
of it was 425 
ſame 


Ofob. 18. The mercury aſcended not Nov. y_ height 
at all. 12 
20. The height of the mercury 14T lt kept the 
21 1 . - [ | 
23, of it was; 9 4 27 * W 20 * 
26 9 7 | Jan. 6. 1678. it was 23. 
Me. 3 12 I March 28. 1678. it was 314 
T is , OfZoh. 17. I included five peaches in a receiver full of common air, 
u vithout ſpirit of wine. Apen a e | 
OSes.) 11. The mereuryaſcended nat ft all. 


Of0b, 20. The height of the mercury was five inches. 


— 8 
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Oftob. 21 8 1 Nov. 12 20 Pr 
22 10 14 , 20 A 
230 The height Jit 16\, The height Jz:x 
26( ofit was Y'2 Decemb. 8 of it was Y26 

Nov. 2 15 16) 26 + 
6 17.44 27 48:7 


Jan. 6. 1678. The height was 32. 
March 28. 1678. The height was 33 +. 

April 15. The liquor in the lower part of the receiver, had all broke 
our, and the air followed it ; then I took out the peaches. 

Hence we learn, that the very vapour of ſpirit of wine, ſomewhat hinders 
fermentation ; yet much leſs than the ſpirit itſelf. 

(19.) April 27. 1678. I included an ounce and a half of paſte, mixed with Pafe with lees 
leaven, in a receiver full of common air, able to hold twenty-three ounces .. 
ag The bewix of the d a half 

April 28. The height of the mercury in the gage was two and a half. 

April 30. The height of it was hy and a -- hag 


May 4. The mer was depreſſed, tho no air broke away, and the 
paſte was mouldy. The height of it was two and a half. 
6 2 + | May 17 4 * 
80, The height 932 | * 2o( The height 2; 
10 of it was 93 + 246 of it was 96 
14 1 28 l 
June 2 The height Y? uly 5 2 The heigh > 
gat 3137 
20 of it — wa 7 Rat of it was 4: 


April 27. 1678. I included an ounce and a half of unleavened paſte, with nocd =p 


common air, in a receiver, capable of holding twenty-three ounces and a mo «ir, 
half of water. ; 
April 29. Hitherto the mercury had not aſcended ; but this afternoon it 
roſe a 3 of an inch. 
I 


April 30. There was no e e. 


e 
4. The mercury aſcended but very ſlowly, and the paſte was 


mouldy. 
Keg Ot 222 -1 1 
10 The height 79 28 The height I 7 
17 ad u 21 fy ( ofitwas 977 
20, 13 1 | 


. . a 
Hence it ſeems, that leaven rather hinders than forwards the production 
of air, if the paſte be not made in a hot place. | 


(20.) May 23. I included an ounce and a half of unleavened paſte, in a page wit ſpirip 


receiver capable of holding twenty-five ounces of water, and pour'd ſpirit 
of wine upon it. 


4 A 
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' Pou „ May 24. The mercury was one inch high. . + 12855 * 1 
umu 26. It was almoſt two inches | June 27 | > 
| „% IO s he height of it was 4 
27. It was two and a half. 10. 5 4 * 


31, There was no change. | July 19 No change. 
Decent. 14. When the height of the mercury alter d no more, I open'd 

bis 31 the receiver, and found that the paſte had an acid ſmell,  _ 
2 withyes May 23. I included an ounce and a half of unleavened paſte, in a re- 


of wine cejyer, capable of holding twenty-five ounces of water; but added no ſpi- 
rit of wine. oy a Dol 1 | 
. May 24. The mercury aſcended not. 
May 26. It was three inches high. 


- . May 27 f C4 June 6 Mm 0. eg 
on pe ONE 50 20 1000 2 01k gap} 35 tee The height of it was 32. 
PR” 29 >The height of it wasc7 | Fuly 4 30 

318 9 * 19 The mercury a little ex- 
a GE 7 Cr2 1+ ©  ceeded thirty inches. This 
day the air broke out, and, therefore, I ſet the ſcrew. a) 


Diecemb. 14. The mercury return'd.to the height of fifteen inches; when, 
I oper'd the receiver, and found the paſte very acid. 2. 
ence it feems to follow, that ſpirit of wine greatly obſtructs the pro- 
duction of air; and the more, if the paſte be fermented ; and that unfer- 
— pat will, in tract of time, produce no leſs air than that which is 
ented. n 2 2 LATE. 
New ale incle- (21) Oftob. 11. I exactiy fil'd a receiver with new ale, ſo that no air 
= might be left; and included another quantity of the ſame in another re- 
9, ceiver, wherein ſome ſpace was allow'd for the air. | 
3 Octob. 12. The cover of that receiver, which contain'd ſome air, was 
broken; and, therefore, I pour'd the ſame ale into another receiver, where- 
in there was room enough left for the air: in the receiver, exactly filld, 
the mercury aſcended a little. eee eee 8 
Ofeb. 13. In the receiver, exactly £11'd, the heicht of the mercury was 
twelve inches; in the other, thirteen inches; tho”. it had been ſhut up a 
ſhorter time, and a much larger ſpace was left, whereinto the air, newly 
produced, 2 * have been dilated. n 1k » F< 
Octob. 14. In the full receiver, the height was thirteen ; in the other, 
_ eighteen: Towards evening, the full receiver work'd the faſteſt ; for 
the height of the mercury in it was twenty-two; and in the other but 
—_—_—7 A » » * hid att 2 
_  Ofigb. 15. In the full receiver, the height of the mercury was 
' forty-two; in the other, twenty-ſix. And ſome bubbles of air, 
Which, in the full receiver, had poſlefſed its upper part, wholly, va- 
niſh'd ; and the ale poſſeſſed a long ſpace, in the mercurial gage, wherein 
tt was not found n i wth. Co 


”- 
"= 
* 
hd £ 2 19 7. 8 A 8 
. a W © * . g 4 * bs 
1 4 ? w K " ”_ 2 » &# FE Þ a ©# 4 & # , 
- = 4 


© JI T1 as : 

Ocĩob. 
; * . 
* * A 


4 Eleni. 


oke 16. In the full receiver, che height was ce nchen 


In the other 30. 
18. Ta the full receiver, the height was 90. dei zn: 
W N ee 
74 28: In the full veceiver, the the height was 90. DIY 
7 In the other 42. E 
>. pF, Ia the e e, che height was rod.” : 
14 In the other 30. (22 
26. In the full receiver, the height was 108. rr 
K wat, the light 3 
to receiver, Was TY '&: 
\ ITO: | | 


The bubble flowed our, 

Nov, 8. The 2 loſt — liquor; — NT 
it; when, all the ale ſeem d as if it would have vaniſſi d into — unleſs 
I had ſuddenly ftopp'd the little hole, that gave it vent. I'man 
tried, that, if the hole were opened in the gage, the: — * 
ſently def end; 2 if the hole — ay ſtopp d, it would, Apeedily aſ- 
ati: ale had a moſt 

New. 9. ere the other waer and obſerved almoſt the fame 


| l ſbeme 10 Wliow, nag if nb die bs: excluded from 
the ang will ferment more lowly, _ 7 air be bk 
therein ; in time, n comp u, room 
= 5 e SETAE $01 55 
22 27 een-peaſe into an receiver, W1 pirit Peaſe with ſpi- 
of wine: - ly racy the receiver ſeem d to admit the external mona, 


air, and the mereury roſe to height of eighteen inches, when I cloſed cviver 
the cover with turpentine. -7 * * weft Silz! 7 
June 30. pererived 16 Were change in dhe height of the mercury. 
N No air was produced, even in the moſt vehement heat. 

7. 1 put other peaſe into an exhauſted receiver, without ſpirit of Pu ger. 
wine.” | Thi vet; Nr H were the ſame as in?" des 
1 riment. receiver, 


28. The receiver was Tull ” I think, it wag not exactly 
FE — 2 — Iagain incl ns peaſe Towards — 
the height of the my was five = js 
June 2 e | 10 Y 5 . . 2 
Yul 8 The height of it 810 "I Tbs keigh of i Wi 230 
* © 


uly 8. The air ge e e 2; dads 95 
ence appears, that hivir of wine hinders the production of air in 


630 June 9. 1677: I put cherries into ed receiver, and in ſix Thet the r 
how Bane the- mercury c roche height of- five inches and 8 hit 1 


Vol. II. Ys .-- = June le 


the common, 
in cher · 


| 
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. June 20. The mercury aſcended three and a half. Towards the evening 


it was two. 


\ "The aſcentis here always "© underſtood, as added to the former. 
+ 2... owes 3 
we 2 The aſcent was : 


 ..”* | 1 7 


I 
I 
I 95 
, | 
4 8 The aſcent was 3 * An wa Ji 


The 2 was ene ight. But, brunſmitting the air into another 
receiver, the mereury was depreſſed to engere inches. 
9, a. Tiw/afenr of the mercury was four inches, in one night's time. 
4 The aſcent of it was five and Never evrenty-four hour's time. 


* "5 5 
— ST want i mad. W atod « | 
2; „ 10. | 
| 11. eber of i as mr in th fe dune an or 
13᷑2. The aſecent of it was ſeven. : + 

13. The aſcent of the mercury was three; the height about ninety 
two inches: but the air xransferr'd into another re- 

„ r, uin meren relied ax 


The aſcent was 417 "= nee 


18. eee Wi hors” W t of it 102. 
19. The height of the ur doh 92; for tranſmitted part of 
- =  - — the air into another receiver. 
20. The aſcent of the mercury was 1 us: oben 4 
22. Some air got out, and the height of the mercury was 63 2 
23. The aſcent of it was 12 =. 
24. The aſcent of the mercury was 4 ; the height of it 79 inches; 
but the air, being tranſmitted; into another receiver, mg mer- 
cury reſted at 62. 


22'Þ The aſcent was 3 wh * J me aden was , 


hog The afcent of it e ir of the 
air 2 tranſmitted i into another 1 at ſixty- 


| gy - 
Hug. . . 


4 
3. I tranſmitted the air into another receiver, and the mereury re- 


main d at ſixty-ei 
4. I tranſmitted the air again into another receiver, and the mer- 
cury reſted at fifty-four. 


6. The 


a” 
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0 A The aſcent of the mercury vas 5 
8. There was no aſcent. ; 
9. The aſcent was three inches. 

The receiver being opened, I found the cherries of a whitiſh colour, and 
of very little taſte, tho not ungrateful; their fleſh was ſpongy. 

Hence it ſeems to follow, that cherries. contain much air, and that they 
produce it very * | 1 \ 

(24.) July 13. 1677. I put cherries into an exhauſted receiver; and 
then tranſmitted into the ſame, as much air, produced from other cher- 
ries, as ſufficed to ſuſtain fifty inches of mercury. 

July 15. Yeſterday, the mercury had not aſcended at all; but this day 
it was two inches higher; that is, twenty-two, above its wonted ſtation. _ 

July 16. The height of the mercury was twenty-three and a half. 

July 17. The height of it was twen- | was forty-five. More air 
-five. eſcaped. 


26. The height of it was for- 30. The height of it was fifty- 


ty-three. Some air got! two. | 
6 ur. | 31. The height of it was ſixty- 
27. The hei ht of the mercury one inches. 
Auguſt 1. The height of the mercury continued nearly the ſame, tho 
the air broke out.. Dy N 
Auguſt 27. The air, having been all broke away for ſome time, I took 
out the cherries, and found them not to have loſt their colour, as in the 


former experiment: they had contracted no putrefaction, nor mouldineſs, 


but taſted a little more acid than uſual ; and being open d, there were ma- 
ny 2 in their fleſh, as in fermented paſte, or dough, but not quite 
o thick. | | 
From this experiment, compared with the former, it may, probably, be 
inferred, that in artificial air, fruits produce leſs air, and fo the better 
preſerve their colour and taſte ; for the cherries, in the former experiment, 
remained in the receiver, not much longer than in this · 


(25.) Septemb. 10. 1677. I put fix ounces of unripe grapes into a recei- Grapes com | 


ver, . with common air, capable of containing twenty-five ounces of water ; 


and ſtop d it firmly by means of a ſcrew. 


September 11. 'The mercury aſcended not at all, 
Sept. 12. The mercury ſtop'd a little below one inch. 


Sept. 13 3 3 Sept. 18 — 
14 The height of ). 7 18 | . 
15 b 10 1 20 The height was <20 
x0. 12 + | 21 22 
17 T2 225Þ ©! 22 = 
—_— 23. The height of it was 27. The grapes were not al- 
ter 


September 24. The height was 30. 
25. The height was 31. The grapes began to grow 


Eeee 2 


yellow 
Septemb 


PuzuMAaTiICE. 


A . 
nes Septemb, ** The height | | Sept. 0 * The 
of it was th e 
| October 1. The height — at 3 

Ol. 5 218 15 TH height was (35 
I The height was 36 | EET The height was C325 


L The bs got not out, but the cold wy and increaſed 
Novemb. 9. The height remained the fame. 
Decemt. 19. Almoſt all the air eſcaped. | 
Decemb. 20. I took out the grapes, and fonnd by their ſmell and their 
taſte, that they had contracted ſome mouldineſs, cho not diſcernable by 
the eye. They were more firm than before. 
Sex in fe. (26.) Septemb. 10. 1677. J included two ounces of crude grapes in A 
macs aire receiver, capable of holding eight ounces of water; and to the common air 
added air produced out of pears, till the mercury reſted ten inches above 
its ordinary 1 2 Ali 
11. mercury deſcended, and its hei t was eight inches. 
= Sept. 12. The „ ir A 2 80 


Sept. 5 The height [ Sept. 15 3 The height F 23 


4 


| 33 


We of it was 5 | 24 
Sept. 17. The height was 28. The gra K. yellow. 
Sept. 18 3 29 W 2 5 1 "The height 
| 19 ( The height J 30 of it was * 
20 (of it was 31 Hoes 6 had — out; and the 
21 2 C33 grapes were of a yellow colour. 
Sept. 44 The height of the 12 | 
235 J . mercury was 22 
26 The height almo ſt the ſame. 
4 22 
: The height of it was 72 
TIPS | = 2 
Octob. 1. and 2. The height . | 
Octob. 5 3 7 The 4 30] Octob. 1 The height F 312 
vas 2131 


Mk - The height was _ Some air had got out. 

Dade: 19. The height of the mercury was 20 inches. | 

Decemb. 20. I took out the grapes, and their ſmell and taſte were 
— than. others; their firmneſs rather increaſed, than dimi- 


Hence, factitious air ſeems fit to alter colour, and to preſerve taſte ; but 
we n be increaſed. here, as in turpentine; the ſpirits, in time, 
ng 
benen ie cow- (27.) Fuly 18. I took two pieces of orange, and, by the help of a ſcrew, 
8 ſtopped them cloſe up in a — — ith common * when, my the ſame 
receiver, I put air, produced ont of cherries, as much as ſufficed to ſuſtain 
12 
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12 inches of mercury. At the ſame time I put a piece of the ſame orange Nies 
into another receiver, with common air wala fas. uncompreſs d. 1 2 

July 20. The orange in the common air began to contract a mouldineſs; 
but the other ſeemed not at all alter'd. | 
July 23. The mouldineſs of the orange, in the common air, increaſed ; 
the other piece remained ſound. — 
July 16. The orange, in the common air, did not increaſe its mouldineſs, 
but ſeemed wholly rotten : the other alſo began to putrefy, but remained 
free from mouldineſs, | 
Aug I. Perceiving that the oranges were no hager Wr changed, I 
open the receivers; and tho? the air, where with I had mix d the artificial 
alr, was ſo compreſſed in its receiver, that it could not now ſuſtain twenty- 
ſix inches of mercury above its wonted preſſure, yet the fruits were 
better preſerved in it, than in the other; only the ſuperficies ſeemed to 
have loft its juice; but all the inner parts, with the rind, were very well- 
colour'd, well-taſted, and firm : in the other receiver, the whole orange 
ſeemed almoſt rotten, as well as the rind. The orange was more corrupted 
in the, compreſſed air, becauſe, as it ſeems, no factitious air had been | 
mixed with it. 
Ir ſeems worth obſerving, that the ſame air, generated from cherries, is 
apt to produce different effects, upon fruits of a different kind; for here it 
retarded the alteration of colour and firmneſs, which, when I included 
air with apricocks, it accelerated, 
(28.) July 20. 1676. I included a ſmall piece of beef in an exhauſted 2 
receiver, and put as much air, produced from cherries, into it, as ſuſtain d ; 
27 inches of mercury. 


July 21 | 
2s The mercury remained almoſt at the ſame height. 


25 | 
July 26. The beef had removed the receiver from its cover ; and becauſe 
it was very fetid, we threw it away. 
1 5 20. 1676. I put a piece of beef into a receiver full of common air, Bf is cn 
carefully ſtopp d it in, by means of the ſcrew. 
-, July 21. The mercury had not at all aſcended in the gage. 
July 22. The height of the mercury was one inch. 


23 1 1 2 
250 The height of > dia 
266 it was 14 *. n 4 18. 
25 | OM In the evening 25. 


5 1 28. The fore, not being. right, a the air to ro out. 
Hence it appears, that air produce erries, is a great hindrance 
to the TI of air from geln. 
(29. March 14. 1676, I put two onions into a receiver, full of common oa 
air, with a mercurial gage; and faſtned the ſtopple with a ſcrew, to ſee «nr | 
whether vegetation would increaſe, or diminiſh the quantity of the air. . 
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Nazi, March 28. The mercury ſeemed depreſſed one quarter of an inch; but 
it afterwards recover d its former height, and two inches more; and now 

the air broke out, and the roots grew longer. ; 

April 28. About ten or twelve days ſince, I perceived the roots to be 
corrupted ; and now they were wholly putrefied. | 

May 9. The mercury continued at the ſame height; for the air had 
broke away : and, therefore, I took out the onions, and found their roots 
putrefied, but they were not at all mouldy. 

Onions in fagti> (30.) March 17. 1676. I included two onions in an exhauſted receiver, 
tous air. and afterwards put air, produced from paſte, into it. 
March 28. The onions took root, at leaſt, as well as thoſe which I kept 
in the common air. | | 
April 28. The ends of the roots began to putrefy, yet they were in far 
better caſe, than thoſe ſurrounded with common air. Perhaps, the cauſe 
of this difference is, that a greater quantity of water was included with 
the artificial air. 'The mercury mounted higher by nine or ten inches. 

18, Hitherto the onions ſeemed not at all corrupted ; but this day 
I found one of them to be a little ſo; tho' different from a mouldineſs. 

Hence we may gather, that artificial air doth not at all hinder vegeta- 
tion; and that not only the ſenſible magnitude of the body, but alſo the 
quantity of the air, is increaſed by vegetation. 

Unripe grapes (31.) Auguſt 25. I included ſix ounces of unripe grapes in a recei- 
{666464908 40 capable of holding twenty-five ounces of water; but did not exhauft 
e air. 
Auguſt 26. The meroury aſcended a little. 
27. The height of the mercury was 1 inch. 
28. The height of it was 1 =. 
29. The height was 1 2. 

Auguſt 30. The mercury ſeemed to have deſcended, rather than aſ- 
cended. 'The colour of the grapes was leſs alter'd here, than in the re- 
ceiver, containing air produced from pears. 

Aug. 31. The receiver broke, and I left the grapes expoſed to the free air, 
Sept. 7. The grapes being left in the free air, ſtill kept their green co- 
lour, and were of a grateful taſte, tho* leſs pungent than before. 

Unripe grapes in Auguſt 25. I included two ounces of unripe grapes in a receiver, ca- 
Kal air. pable of holding eight ounces and a half of water; and having ftopp'd 
ir cloſe with a ſcrew, I filled it further with air, produced from pears, | 
till it ſuſtained 15 inches of mercury. , 

Auguſt 26. Some air eſcaped, and-thereforeI crowded in new, produ- 
ced out of the ſame pears, till the mercury reſted 17 inches above its 
wonted height. e | 
... Auguſt 27. The mercury was depreſſed below the 16th inch; yet no air 
had broke out. Towards evening, the mercury again aſcended to 17. 


* 


i Aug. 28 19 | Aug. 31 23 + 
| 296 The height of it was 5 [ | Sept. n height of it N 
6 22 24 | 24 


"ne 


a 


Phyſico- mechanical Experiments. 583 
Sept. 4. The laſt height continued, and the grapes had all contracted a Nu re 
yellow colour. 1 ah . 
Sept. 5. The air broke out. 
Sept. 7. The air continuing to get away, by degrees; I took out the 
grapes, and found them very inſipid, and of an ungrateful taſte. 
his experiment confirms the efficacy of artificial air, to alter the colour 
of fruits. Tis, alſo, very obſervable, that here it damaged the taſte, and 
moted the production of the air, contrary to what had happened in the 
ormer experiments. It might be worth while to try, whether the ſame 
— in all — fruits. July-f 5 
32.) Auguſt 2. 1676. I ſhut up a July-flower in a receiver, with air pro- 
duced from paſte, made with 4417 — not mixed. — 
Auguſt 4. The flower began to change its colour, and to grow moiſt. 
Auguſt 9. The July-flower was a little alter'd. 1 
Auguſt 12. The moiſture gradually increaſed, but no mouldineſs appear d. 
Auguſt 3 1. The July-flower ſeem d little alter d, tho it was leſs freſh 
than thoſe which were kept in vacuo. ; 
Auguſt 2. I ſhut up a July-flower in a receiver, with common air, not x, en a. | 
mixed. 
Auguſt 4. 'The flower was not changed. 
Auguſt 9. It grew moiſt, and had almoſt loſt all its colour.” 
t 12, A great mouldineſs cover'd all the flower. | 
Aug. 2. I included two July-flowers in vacuo, and took ſpecial care, % ns is 
that no humidity ſhould be included with them. Vaguo, 
Aug. 4. 1676. One of them began to appear moiſt. 
| * 31. 1677. During the whole year, the July- flowers had ſuffered no 
e. 


n 
ice it ſeems probable, that factitious air haſtens the change of colour, 
ar it 9725 2 1 det 4 = 1 

33.) July 24. I put apricocks and ſome plumbs, lev Which were 4p,;cocks ant 
f by; in pieces, in a ente full of common , and ſtopped it firmly with — com 
a Icrew. : 

July 25. The mercurial gage was ſpoiled ; ſo that I could not, by any 
means, perceive the quantity of the air generated. 

July 30. The fruit ſeemed not at all alter d, except that one of the eut 
plumbs had contracted ſomething of mouldineſs. c 

Aug. 2. I opened the receiver, and found all the fruit firm, of a good 
colour, and a grateful taſte. f 

July 24. I made the ſame experiment in another receiver, with the . ſ i 
ſame circumſtances; only into this laſt receiver, I intruded air, produced t ain 
from cherries, till it ſuſtain'd twenty-two inches of mercury. 

July 25. The mercury deſcended three inches, and reſted at nineteen. 
Toward the evening, it recover d its former height, and reſted at twenty- 


TWO. | : 
July 26 ; 8 uly 28 a 36 
35F The height ofit was 4 19 55 o$Thehcight aw. 
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Przvecarics. July 30. The height was forty-four. The apricocks which were cut, 
9 be diſſolve — * 3 TY s 
S:11 3JZIT 1 t wac 451 | 
I 28 1 The height was J 3 . 
2. The 4 was ſixty-five. Towards evening, when ſome liquor 
© © had eſcaped out of the receiver, I ſcrewed it tighter ; bur one of the iron- 
wires being broken, all the air got away. Wherefore, I took out the 
fruits, and found them very ſoft; eſpecially thoſe, whoſe lower parts were 
immers d in the water: the reſt were a little more firm, but all of them 
retain d a grateful taſte. „ N 1 
Hence it ſeems, that air produced from cherries, promotes the akera- 
tion both of colour, and firmneſs in apricocks. Net —_— 
It appears, alſo, that ſome part of ſuch air is deſtroyed at the firſt. 
Plumbs in com- (34. ) July 30. 1676. I put plumbs, cut aſunder, into three receivers; 
5 40 one of which was full of artificial air, produced from goosberries; the ſe- 
in vac. cond, full of common air; and the third exhauſted. RO 
=. Aug. 2. In the artificial air, the plumbs were not changed; in the com- 
mon air, they began to be mouldy ; but in the evacuated receiver, they 
retain'd their colour, and were ſole E | | 
Aug. 5. In the artificial air, the plumbs had contracted a red colour, 
humidity, and ſoftneſs; in the common air, they ſeemed black and mouldy, 
= aa their firmneſs ; in the evacuated receiver, they were almoſt 
- + - diffolve | | 
Aug. 7. 'The plumbs, in the common air, began to ſoften. * 703 
Aug. 8. The plumbs, in the common air, ſeemed to have loft their black 
colour, and to have contracted a red one; as it-happen'd three days be- 
fore, to the plumbs in the artificial air. | 
In this experiment, artificial air ſeems to have promoted an alteration. 
Peaches. in com> (35+) Sept. 24. I put five peaches into a receiver, with common air, 
"mes 424472: mixed with ſome produced from grapes; and included the grapes them- 
" ſelves in the ſame receiver, that the common air might be the better ſatu- 
rated with the artificial. | 
Septemb. 25. The height of the mercury was twenty-one inches. 


Sept. 26 ; i 23 | Sept.29 18 42 
* r height of it wed 31 | 30 Che bright it wade 
4 39 Obi) © | 48 


Octob. 2. The ſame height continued. 
3. The height of it was 52 and a half. 
I. The height the ſame; but the peaches ſeem d moiſt. 
6. The height of it was 58. a 
177 The height of it was the ſame. - 
3. The height of it was 61. 
11. The mercury aſcended a little. 
de! 39 Tho keigh oh was 1. 5 
25. The height of it was 61. Thie cold was ſharp. 
dN 27. The cold abated, and the mercury aſcended. | 
30. The height was 61, and a little more. | Now. 
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Nov. . The height of the mercury wWas 59. Twas ſevere cold Wea- Pxun ATi. 


ther. | 
6. The height was 61. The froſt broke, and it thaw'd. 
7. The mercury ſeemed ſomewhat higher. 
9. The — perſiſted at the ſame height. 
Dec. 9. In one month's ſpace, the mercury aſcended, by degrees, to the 
height of eighty DD | | f 
April 1. 1678. The mercury came to ninety-ſix inches above its wonted 
height. I now opened the receiver, and whilſt the air was breaking out, 
the peaches emitted many bubbles thro? their skins, not without a violent 
noiſe ; and the skin, in ſome of them, was broken: they had preſerved 
their taſte, and the colour of their pulp ; but loft their firmneſs, as if they 
had been boil'd : being left in the air for three hours, they were all rotten. 
This experiment proves, that common air corrupts bodies, tho" much 
the leſs for being mixed with factitious air. | | 
(36.) Auguſt 4. The firſt receiver. I cut five. pears, each of them into Fe»: i» « 
four Fr a 
and ſtopp d it cloſe with a ſcrew. 
gr The colour of them was little alter d, and the mercury aſcended 
not at | | 
Aug. 7. The pears were little alter d; and the mercury was a little higher. 
Aug. 8. The pears underwent no great change ; the height of the mer- 
cury was four inches. HE VETS 
Aug: 9. The height of it was four and a half. 
Aug. 11 The height 1 6 Aug. 1 7 The height — 
11 of it was To 14 of it was T0 
The pears began to be ſoft, 
Ang. 15. The height of it was 21. 
16. The height of it was 19. I believe the air had got out. 
I7. ** I found the = had — | 
18. air being almoſt all got out, yeſterday in the evening, 
| and-che Trois: locking werft, I took the ie our,” and" 
ß i 
Aug. 4. econd receiver. I took one each of the afore- Pears is artis- 
ſaid pears, and included them, after the ſame manner; and, afterwards, air. 
added air, produced out of cherries, till the mercury poſſeſs'd twenty-three 


inches extraordinary. | 
Aug. 6. The fruit was not alter d, except a little in their colour. 
Aug. _— all the pieces ſeem d rotten ; the mercury remaining at the 
ſame height. 
Aug. 8. The pears were not alter d much; but I could not fee the mer- 


cury. 

* 10. They, gradually, grew ſofter ; and the mercury was forty 

inches above its wonted height, 1 2 | 

Aug. ms The height C51 | Aug. 14T The height $67 
135 of it was 61 154 of it wass C73 _ 

Vo 1. II. Ffff x 
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Pears in an un- 


d receiver, 


/ 


Tears in vacuo, 
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Aug. 16. The mercury deſcended ; yet nothing had got ou. 
Aug. 17. The — exceeded not ſixty-ſeven — in height; yet the 
air could by no means eſcape. | 
Aug. 18. The mercury remain'd at the ſame height; but, ſuffering the 
air to break out, it had a ſharp odour; and the taſte of the fruit ſeem'd 
very acid, and the pulp exceeding foft. | + © | 
_ Auguſt 4. 1677. The third receiver. I put a quarter of each of the 
reſaid pears into a receiver, not exactly ſhut. 2 
Aug. 6. The pears ſeem'd to change their colour. 
Avg. 7. One of the pieces began to loſe its firmneſs ; but, in the ar- 
tificial air, another piece yeſterday ſeem'd wholly rotten. | 
Aug. 8. One piece was mouldy ; the reſt were ſoft. 
Aug. 9. The pears gradually grew more rotten. 
Ang. 11. They were wholly mucid, and rotten. | 
This receiver, compared with the firft, ſhews, that corruption begins 
not in the free air ſooner than in included air ; but, when begun, that it 
is 3 more violent and ſudden; becauſe the included air may be ſa- 
tiated. | 2 
Auguſt 4. 1677. The fourth receiver. I included one quarter of each 


of the ſaid in Vacuo. 
Ang. 6. Thi talghe of the meronry was 5: 5 
: Aug. 7 8 1 Ay. 13 | 20 
7 — Io ; 14C The height J23 


9% The height x2 | 15 of it was 325 
10 of it was 14 127 29 
2 ©" 5% 
20. Hitherto the had undergone no alteration ; but this day they 
to be ſoft. mercury aſcended not. > 1. 2B, 
Aug. 26, Neither the pears, nor the height of the mercury, were at all 


alter'd. 


This production of the air ſeems very regular. 0 
| fe find the aptneſs of artificial air to ſoften fruits. 

And that the production of air was here promoted by artificial air, is 
very probable ; tho it had ſucceeded otherwiſe with apricocks. 

G5 Auguſt 21. 1677. The firſt receiver. I divided fix apricocks, each 
into four parts ; and 2 one piece of each into a receiver full of com- 
mon air, and ſtopp d it ly with a ſcrew. ant 

Aug. 22. The apricocks ſeemed riper than yeſterday; but no air was 
produced by them. | | 

Aug. 23. One piece, contiguous to the water, began to be mouldy, and 
the reſt inclined to putrefaction. The mercury ſeemed to have aſcended 
a little. 

Aug. 24. A piece next the water, was cover d with much mouldineſs; 


another piece, more remote from the water, was ſome what mouldy alſo ; 


but all were rotten. 


Aug. 
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Aug. 25. The fruit contracted no more mouldineſs ; but the putrefa- Prevuarics. 
Aion increaſed. The height of the mercury was ſeven inches. WWYNg. 
Aug. 26. The height of the mercury was 15. 
28. The height of it was 30. 
29. The ſame height continued. | 
30. 'The height of it was 33.The fruits were almoſt all diffolved. 
31. The height of the mercury was 38. 
. I. The height of it the ſame. 
2, The ſame height till. 
| 3. The mercury aſcended a little. | At & 
-ptemb. 42 The height T 41 | Septemb. 72 The height f 45 
55 of it was 43 85 of it was 46 
Septemb. 9. The ſame height continued. 
Sept. 22. Little or no change appear d in the height of the mercury; but 
the fruit was almoſt diſſolved into water. 
Octob. 1. When the mercury continued at the ſame height, and the fruit 
ſeem d almoſt vaniſh'd, I open'd the receiver, and found the apricocks very 
much impaired and ſoft ; yer they retained a taſte not unpleaſant, but tend- 
ing to AC1 
ot 21. 1677. The ſecond receiver. I cover d one quarter of each of the 4pricecks is «s 
aforeſaid apricocks, with a receiver, not defended againſt the external air..“ me 
Aug. 22. They were flaccid, as if they had been dry, or wither d. 
Aug. 23. Many of them appear'd rotten and mouldy. 
Aug. 24. The apricocks were wholly putrefied, and mouldy. 
Aug. 21. The third receiver. I included firmly, by the help of a ſcrew, The ſame is «ve 


a. 


one quarter of each of the aforeſaid apricocks, in an unexhauſted recei- — —— 
ver; to which I, afterwards, added air produced from pears, till it ſuſ- tie of fadtui 
tain'd 20 inches of mercury. | 2 
Aug. 22. The mercury aſcended not at all; but the fruit ſeemed to have 
acquired a greater degree of maturity, than that included in common air. 
Aug. 23. Lheſe ſeemed leſs alter d; thoſe which were in common air. 
Aug. 24. They remain'd unalterd. 
Aug. 25. The fruits began to produce air, but I could not diſcern the 
uantity. | 
| —1 26. Little alteration in the fruit. 
Aug. 28. It began to moiſten, yet was far leſs alter d than that which 
remain d in common air. 
Arg. 30. The mercury emerg'd above the bodies, by which it was hid. 
Its height above the wonted ſtation, was thirty inches. 
Aug. 31. The height of the mercury was forty inches. 
Sept, 1. The height of it was the ſame. 
2. The ſame height continues. 
3- The height 45. 
8. The height was little changed. 
9. The height 40 ; yet no air got out. 
11. The height was 38. 
Ffff 2 | 12, 'The 
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PuzuUMATICE. | 12. The mercury continued to deſcend. 
* 13. The height of it was 33. timid ent L. e 

Sept. 14. The mercury was ſo depreſſed, as to appear no more. 

Sept. 22. The mercury emerged again; its height was 33. The fruit 
was cover d with a kind of mucor. 

Octob. 1. When neither the apricocks, nor the height of the mercury, 
were any more alter d, and the mucor vaniſhed, I open d the receiver, and 
found the apricocks not impaired, but of a good colour, their pulp ſpon- 

and ſoft, and of a taſte inclining to acid. | 
Apricocks is an Aug. 21. The fourth receiver. I took a quarter of each of the ſaid 
Aas, vg, apricocks, and ſhut them up firmly, with a ſcrew, in an unexhauſted re- 
was afterwards cèiver; into which, afterwards, I intruded air, till the mercury roſe 90 
condenſed. inches above its ſtandard height. vir 8 

Aug. 22. Our receiver broke into an hundred pieces, by the force of 
the air compreſled within it; whereupon, I put the fruit into another, and 
added only ſuch a quantity of air as was able to ſuſtain ſixty inches of 

mercury, _ | | 

— The apricocks had contracted much mouldineſs; and I added 

new air. 3 
Aug. 26. They were wholly infected with mouldineſs and rottenneſs. 

This receiver, if compared with the former, ſhews, that the quantity 
of corruption depends on the quantity of the air. | 

Hence we have it confirm'd, that alterations are made more ſuddenly in 
factitious air; and that, in time, the corruption is far greater in common 
air. 


cluded in common air at the ſame time. | 

April 28. The onions included in common air, eight days ago, were co- 
ver'd with mouldineſs, though, in the beginning, they had ſhot numerous 
roots: the onions in the other receiver began to corrupt at the ends of 
their roots ; but the compreſſed air, ten days before, had found a gradual 
paſſage out, and now was almoſt wholly eſcaped. I, therefore, put in new 
air, till the mercury had attain d to the height of fixty inches above its 
uſual ſtandard. . . 

April 29. The onions in the compreſſed air, were cover d all over with 
* Ker: | 

Hence it ſeems to follow, that a little compreſſure doth not prejudice bo- 
dies to be expanded by vegetation. ' | 

And the new air, which was intruded, ſeems to have promoted the 
mouldineſs, though, probably, in the beginning, the compreflure of the air 
H 264 ark. Tetarded both the mouldineſs, and the corruption. | 
Four: in commer, (39.) May 9. I put two equal quantities of tulips and lark-ſpurs, into 
z two receivers of an equal bigneſs, and ſtopp'd them up firmly with ſcrews : 

. | | I 
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Lleft one of them with common air only, but compreſſed the other by the E 
intruſion of new air, till the mercury (owns yen : 
ſeventy inches. = 
May 11. Two tulips, in the common air, contracted mouldineſs ; but 
all things remained unalter d in the compreſſed air. ork 
May 12. A third tulip, in common air, began to be finewed ; but no- 
thing like it happen'd in the compreſs d air. | | 
May 14. One tulip, in the compreſs'd air, was finew'd ; but thoſe in 
the common air, were all very mucid ; and one of the lark-ſpurs, in the 
common air, had alſo contracted a mucor. | 
May 17. Three of the tulips in compreſs d air, had contracted a finew; 
but not half ſo much as thoſe in the common air. 'Two of the lark-ſpurs, 
in the common air, yrs finewed alſo; but thoſe ſhut up in compreſs'd 
air, were preſerved freſh, and wholly free from — or fine w. 
May 21. The flowers in the common air, were all rotten and putrefied; 
but thoſe in the compreſſed air, received no further alteration : and the tu- 
lips, which had contracted ſome finew, ſeemed rather to loſe it, than to 
uire new. | 
» 30. When the flowers, in the common air, being wholly putrefied, 
were diflolved into water, I took them out, and kept the liquor in the 
veſſel, to try whether any inſets would breed therein. In the compreſſed 
air, the lowers ſufter'd no more ſenſible alteration ; I, therefore, took them 
out, and found them moiſt, and of an acid odour. | 
Hence, it ſeems that compreſſed air hinders putrefaction and mouldi- 
neſs, in ſome plants. 


its wonted height by  Y 


(39.) May 21. 1677.1 cut an orange into two equal parts, and incloſed Orange in com- 
one of the halves in a receiver, with air ſo compreſſed, that it would ſuſtain . | and c- 
an hundred inches of mercury above its wonted height: I left the other 


half in another cloſe receiver, only with common air. 

May 25. Each half of the orange had contracted mouldineſs ; but that 
in the common air was much more mucid than the other. . | 
May 26. The compreſſed air had entirely got out, and therefore I put 
in new. an 

May 30. I every day perceiv'd ſome air had eſcaped, and, therefore, 
daily ſupplied freſh. And the orange, by receiving new air ſo often, con- 
trated a mucor, notwithſtanding the compreſſure, much more than the 
other piece that was left in the ſame air without preſſure. 

June 1. I took out the two half oranges; and that which lay in the 
compreſſed air, ſeemed to have contracted a corruption, at leaſt, three 
times greater than that which had continued in the common air. 

Hereby the diſpoſition of compreſſed air, to retard corruption, is con- 
firmed ; yet, in time, tis very probable, that the quantity of corruption 
may depend upon the quantity of the air. 


(40.) May 31. 1677. I included two equal quantities of roſes, in two Reſes is commen 


receivers, ſtopp'd by the help of ſerews; into one of which I intruded as 2% 


Or is com · 


preſ'd airy u recelvers; in the one I increaſed the quantity of air till it ſuſtained the 


* 
. 


590- 3 
woch air as would ſuſtain ninety inches of mercury, beſides its accuſto- 
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med preflure ; but I left the other with common air only. 

une 11. The roſes in the common air were free from mouldineſs, on- 
ly they ſeemed to have loft ſomething of their colour: but thoſe ſhut up 
in the compreſſed air, had almoſt all contracted a yellow colour, as if they 
had wither'd in the open air; yet they were not mucid, or finewed. 

June 18. This laſt week, the flowers, in the common air, ſuffer'd not 
the leaſt change; but | thoſe in the compreſſed air, grew yellower. I 
open d both receivers, and found the roſes to have retain'd their ſcent, 
yet it was ſomewhat alter'd; neither were they dry, or wither'd. I kept 
them apart in the open air, and found that rhoſe taken from the compreſ- 


_ ſedair, were not ſo ſoon alter d by the contact of new air, as thoſe which 


had remained in uncompreſſed air. 

Hence it ſeems to follow, that compreſſed air is ſometimes fitter to al- 
ter colour than common air. And, perhaps, it may be worth our no- 
tice, that roſes ſo included, contract not a mouldineſs, but only a yellow 
colour; tho? in tulips and lark-ſpurs, tis otherwiſe. 

(41.) June 1, 1677. I put the two halves of the ſame orange into two 


mercury an hundred inches above its wonted height ; but left the other 
uncompreſſed, only exactly ſhut. | 

June 6. Each half of the orange grew mouldy ; eſpecially that, whoſe 
ambient air was compreſſed. But new air was every day ſupplied ; for the 
compreſſed air, in 24 hours time, had almoſt all got out. But in the 


former, it had remain'd very well ſhut in, for fix whole days. 


"pt 11. The orange, in the common air, contracted no more mouldi- 
neſs; but, in the compreſſed air, the mouldineſs gradually increaſed. 

June 18. Finding the mouldineſs of the orange, in the common air, to 
diminiſh, rather than increaſe, I took it out; and 3 further, 
that, in compreſſed air, the orange was not more mucid, after I had cea- 
ſed to intrude new air, I was willing to try, whether the new air ſupplied 
new ſtrength to the orange, to exert and thruſt out its mouldineſs ; and 
therefore, made the mercury in the gage, by means of the air intruded, to 
exceed its wonted height 80 inches. | | 

June 20. Two days after I had intruded new air into the receiver, 
the mouldineſs of the orange appeared to be manifeſtly greater. 

Hence we may gather, that the quantity of the mouldineſs depends on 
the. quantity of the air. | 

(42.) June 17. 1677. I put two ſhrew-mice into two receivers, of equal 


. bigneſs, and ſtopped them up carefully; in one of them I left only com- 


mon air; into the other, I intruded air, till the mercury was higher, by 
30 inches, than uſual: the mouſe, in the common air, was included about 52 
minutes paſt 5 of the clock; and 6 minutes after the other. i 

The mouſe, in the compreſſed air, ſeemed to loſe his ſtrength much 


Sooner than the other, the motion of his breaſt being leſs frequent: yer, about 
48 minutes after 6 o'clock, the mouſe in the common air, which ſeemed the 


ſtronger 
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ſtronger, fell into convulſive fits, and died ;bur that in the compreſſed air, u ee. 
ger comp air | 


ſeemed then, and ſome time after, to be as well, as he was an hour and 


half before. 

About eleven of the clock, the mouſe in the compreſſed air, fill brea- 
thed ; but, about four in the morning, he was found dead, in the ſame 
poſture wherein he was ſeven hours before : whence we may conjecture, 
that he was free from convulſive fits. 

I muſt not omit, that the mouſe, in the common air, had conſumed ſome- 
thing of that air; ſo that the mercury ſtood at 29 inches, and, when 


the receiver was opened, preſently aſcended to 30. 
Hence we learn, that compreſſed air ſeems fitter than the common, to 


prolong life; ſince the one mouſe lived ſo much longer, tho? only a double 
quantity of air was included in the receiver. 


(43.) June 13. 1677. J put four flies into a receiver, and aftewards in- Nas is common 


truded air, till the mercury roſe ſixty inches above its wonted height ; and = 
at the ſame time, included three other flies, in another receiver, with ' 
common air not compreſſed. | 
June 14. In the morning, all the flies were well. In the afternoon, I 
found two of them dead in the compreſſed air ; but in the common, they 
were all alive. About five a-clock, one of the flies, in the compreſſed air, 
was alive, and three in the common air. 
une 15. This morning I found all the flies in the common. air dead; 
but that ſingle one which remain d alive in the compreſſed air, ſeem'd ſtill 
to be very well; and, being taken out of the receiver, flew briskly 


away. 

. it ſeems, that flies are not very ſenſible of the air's compreſſure; 
and that they die more for hunger, than want of air: for the fly 
which remain d ſo long well, fed upon the carcaſſes of thoſe which were 
dead; ſo that ſhe ſeem d not to be Sftemper'd. 

(44-) June 15. I repeated the preceding experiment, only including 
four flies in each receiver, and compreſſing the air ſomewhat more. 
June 16. This morning T found two of the flies, in the common air, 
dead; and but one in the compreſſed air. | 

About two in the afternoon, the four flies, in the common air, ſeem- 
ed to be dead ; but, in the compreſled air, the three were alive. 


Hence, the compreſſure of the air ſeems of ſmall conſequence. to flies; 


and, indeed, they are not * by the rarifaction of it, without 
great difficulty, and unleſs e be almoſt a compleat vacuum. 


(45.) June 18. I included two frogs in two receivers, and ſtopped them N. 


by the help of ſcrews ; the one only contain'd common air, the other, air 2, 
compreſſed, till it ſuſtain'd ſeventy inches of mercury. | 

| une 19. Both the frogs were alive ; and the height of the mercury, in 
both receivers, remained the ſame. 


June 20, Neither of the frogs were dead ; and they ſeemed 115 to 
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Pravxcaric;.diminiſh, than increaſe the air: but the difference was ſo ſmall, that I dare 
ct be poſitive therein. | 6 : he 
| une 21. In the morning, both the frogs were alive; but, towards even- 
ing, that in the common air was found dead. ; J 
June 22. At evening the frog, in the compreſſed air, was alive. 
june 23. In the morning T found it dead. vu 
Orangesincom. (46. ) June 18. 1677. I ſhut the two halves of the ſame orange, in 
e apdeom- two receivers, and ſtopped them by the help of ſcrews ; the one with com- 
en, mon air, the other, with air compreſſed to ſuſtain ninety inches of mer- 
cury. | Wink; Peres | 
- June 22. This morning I found the orange, in the common air, moul- 
dy; but the other was ſound. | | 
Ar three in the afternoon, the orange, in the compreſſed air, ſeemed, 
alſo, to have contracted ſome mucor. | 
Mie 23. The orange, in the common air, was far more mucid than 
wage ire oe | 2 
June 24. The orange, in the common air, did not increaſe its mouldi- 
neſs; but the other was cover d all over with it. | 
June 28. The mouldineſs, produced in the common air, was now 
wholly vaniſhed : in the other receiver, I perceiv'd no further alteration in 
the fruit. if f 
June 30. Both remaining in the ſame ſtate, I took them out. The part 
which was kept in common air, ſeemed half rotten ; but the other, be- 
ſides its finew, 1 K wholly putrefied. | 
Hence tis confirm'd, that the quantity of the mouldineſs depends on the 
quantity of the air. ed Nr. I 
It ſeems alſo worth objerving, that the mouldineſs appear'd a little 
later in the compreſſed air, than in the common, tho', afterwards, it in- 
. creaſed much more. | 
Ree incow (47. June 29. 1677. I included roſes in two receivers, ſtopp'd by the 
preſſed air, help of ſcrews; I left one with common air only, but filled the other with 
ſo much, that the mer aſcended ni inches above its uſual height. 
+ July 14. Four or five days ago, I found the roſes, in the compreſs d 
air, wither'd, and degenerated to a yellow colour. There was not the 
S leaſt alteration in the other receiver. | : 
July 17. When I perceived, that this iment . proceeded after the 
_ manner as that above-mention'd, I took out on _ Thoſe — 5 
compreſſed air, were very much „ and of a very ungrat 
10 ſmell; but the others — alter d, — their ſcent — unpleaſant. 
„ Hence we have a further confirmation, that the quantity of corruption 
dlͤepends on the quantity of the air. | 
Lemmon iw (48.) July 4. I cut a lemmon aſunder, and put the halves into two re- 
bmp air, ceivers, to be ſtopp'd by ſcrews; the one I left with common air only, 
but the other was fill'd with ſo much compreſſed air, that it ſuſtain d 
x -minery incheg.of mercury —- — 1 


4 


| Jul 
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uly 7. This day, both parts of the lemmon ſeem'd to grow mouldy at Pzzviiamies 

July 17. That in the compreſſed air had contracted much more hoar 
than the other; and, perceiving no farther alteration, I. took; them our, 

2 found the lemmon, in the compreſſed air, far more putrid than the 
other. | 

Hereby it is confirm'd, that the quantity of corruption depends on the 
quantity of the air. 

It ſeems alſo, that a triple compreſſion of the air, in reſpect of a lem- 
mon, is too weak, ſenſibly to retard the production of fine. ex. 

(49.) Fuly 18. 1677. J included two parcels of July- flowers, equal in F«b-fower: is 
number, in two equal receivers, and ſtopp'd them cloſe with ſcrews ; -———— pl 
fill' d the one with compreſſed air, till it ſuſtain'd an hundred inches of mer- 
cury, extraordinary ; but the other was left with common air alone. 

July 23. In the compreſſed air, the July-flowers ſhew'd ſome hoarineſs ; 
the others appear'd only moiſt ; but the mercury exceeded its wonted 
height only ſeventy inches ; for ſome of the air had got our. n 

July 25. In the compreſſed air, the July-flowers proceeded to corrupt 
much faſter than the others. They had wholly loft their colour. 

ly 26. In the compreſſed air, the e were wholly putre- 
fied, and cover d with a hoary finew ; the others were moiſt only in ſome 

laces. | RK * \ 

f Auguſt 1. Perceiving no farther alteration, I took the flowers out of their 
receivers; thoſe which were kept in compreſſed air, were rotten, and fe- 
tid ; the other kept their colour, and their ſmell was not offenſive ; but 
9 were moiſt. | | 9 

nd this is a farther confirmation, that the quantity of the air increaſes 
corruption. | 3 ; CIT ASE | 

We may, alſo, obſerve, that the mouldineſs is not produced, but in 
compreſſed air; nor is it probable, that this happen'd by chance; ſince, 
in each receiver, there were three or four July-flowers included. — 5 

(50.) July 21. 1677. I included a ſhrew-mouſe in a receiver, with 4 h en 
common air, and ſhut him in firmly with a ſcrew, to try whether he would arhen in ce: 
produce, or conſume air. OY | OO DOS 

After two hours, the mouſe died, and ſome air was conſumed; but a 
leſs e in the former experiment of this kind. | 

1705 24. Hitherto I found no change in the height of the mercury. 

Towards evening, it ſeem'd a little higher. | "PLS W 
| 70 25. This morning much air was produced de novo. ea n 


— 
F 


uly 26. The quantity of the produced air increaſed. 
ence we have a confirmation, that living animals conſume air; but 
dead ones produce new. * 

(51.) Auguſt 31. I put pears into a receiver; whereto, after it was Well Pe, i - 
ſtopped I added as much air, as ſufficed to ſuſtain thirty inches of mer- d «in 
cury, extraordinary. =» nn * e 

, September 1. The mercury was depreſſed. | | 

Vor. II. Gggg Sept, 
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PrzpnATiICE, Sept. 2. The height of the mercury decreaſed; it exceeded not twenty-- 


enen ſe one inch hi d ftaid « 
__ +3. Ih roſe one inch hi and ſtaid at 26. 
| 82 4. The height thereof was 28. r s . 
Sept. 8. The receiver leaking, I pur in new air; and, this day, opening 
the receiver, to compare the taſte of this fruit with that of the other; 
I found, that five of the pears had loſt their firmneſs, but two retain'd it. 
Prars in comes Auguſt 31. J included pears, of the fame kind, in another receiver, with 
* common air only, not compreſs'd, 
September 1. The mercury was a little depreſs'd, as if it had been in 
compreſs d air; the cauſe whereof might be only the colt. 


Sept. 2. * varied not. 9 
— * The height of the mercury was one inch, above the uſual ſtan- 


Sept. 4 5 The height 12 . 6 The height F6 5 
5 of it was 3 3) wr; of it was QCi2 
Sept. 8. The height of the mercury was twenty. The pears, being ta- 
ken out of the receiver, had. preſerv'd their taſte much better than thoſe 
included in vacuo. They, alfo, retain'd their firmneſs. :! 
Loan in vacuo... Auguſt 3 1. I included pears of the ſame fort in vacuo; but ſome external 
air brake in, and the height of the mercury was one inch. 


Sept. 1 4 [pt. 5 19 

'2C The height ) 8 6 The height 923 

30 of it was 12 7 of it was 27 

; 4 16 8 )- $30 
2 being taken out, had kept their firmneſs, but loſt much of 

ir taſte. | 
Hence it ſeems to follow, that, in a greater compreſſure, a leſs quan- 
tity of air is produced. 1 | 


{ſmall bes: (J 2.) December 7. I ſhut up a ſmall bird in a receiver, capable of hold-- 

incempreſed «ir. ing twenty ounces of water. The bird began to be ill, before I had ſet 

N the ſcrew; but, after I had intruded ſo much air, as to ſuſtain thirty 

-.., xz. inches of mercury, above its wonted height, ſhe: ſeem'd to recover; but, 

ia e "Boba: again to be ſick : and, therefore, I intruded air the ſe- 

cond time, till the mercury reſted forty-five-inches above its uſual height ; 

hereby the bird was again reſtored :' but, in a little time, ſhe began to 

gaſp again; then, opening the receiver, after ſhe had ſtaid in it twenty-eight. 
minutes, ſhe flew out, and was very well. r 1 

A ferew-mouſe (5 3.) January 20. 1678. I put a ſhrew-mouſe into the receiver of the 

in compreſed ain vind-gun, above: deſcribed; and, immediately, ſo far condens'd the air, 

till it was reduced to about the twentieth part of its ſpace: then I pre- 

ſently diſcharged that air, and the elliptic hole being open d, I ſuſpected 

that the mouſe had been only a little convulſed; but, when he was taken 

„ aut, there were no ſigns of life in him. Whether the cauſe of his 

death were to be aſcribed to the narrowneſs of the receiver, or to the 

f compreſſure of the air, is. a queſtion. . | 1 


. 
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I put another mouſe into the ſame receiver; and the air, being reduced Ne 


to a third or fourth part of its natural ſpace, I open'd the receiver, but 
not ſo carefully as in the former experiment; yet the mouſe, taken out 
therefrom, was found to be very well. 

I, afterwards, _ the experiment ; the air being about ſeven or 
eight times condens d; and the mouſe ſeem'd to ſuffer no inconvenience 


I made the ſame experiment again, in air compreſſed ſeven times, and 
left the moule included for twenty-four minutes; which time being elapfed, 
I diſcharged the air, and, opening the hole, perceiv'd the ove to fetch 
many deep groans, as it were : I took him out, but he could not recover. 

Hence 1t 1s manifeſt, that a great compreſſion of air is pernicious and 
deſtructive to animals. 


(54) January 28. 1678. I put a ſhrew-moulſe into a glaſs, to whoſe 4 
neck we tied a bladder, that ſtopp'd the orifice. Theſe were put into a re- 


.ceiver for compreſſing of the air. Soon after, when the mouſe began to be 

ſick, I compreſled the air, and the bladder was ftraitned ; ſo that the 

mouſe was in condenſed air, whilſt no new air could paſs to him: 

then he ſeem'd to be much better, and his heart beat leſs frequent ; when, 
ing the receiver, he was, in a ſhort time, as well as ever. 

I repeated the experiment, and left the mouſe ſo long, that he could 
hardly breathe, whilſt I began to compreſs the air; and the compreſſure 
iſcem'd again to abate his reſpiration : the receiver being Rn and the 
mouſe expoſed to the air, he could not breathe much more freely ; bur, if 
I blew the air on him with bellows, he ſeem'd to be ſomething reliev d. 
Being, again, committed to the compreſs'd air, he breathed leſs frequently, 
and, art laſt, died. 

March 25. Becauſe, in the preceding experiment, it was not clear, whe- 
ther the air enter'd thro” the ligature of the bladder, I uſed the inſtru- 
ment deſcribed, Fig. 79. And when I perceivd the mouſe was ſick, and 
breathed ſeldom, I intruded water into the receiver, fo that the air was 
reduced to half of its ſpace; and, then, the mouſe breath*d more rarely. 
But if, extracting the water, I left the whole ſpace entire for the air, his 
reſpiration ſeem d more vivid; and the air being thus, many times, con- 


trat᷑ted and dilated, the fick mouſe ſeem'd to reſpire more freely in the 
common air than in the compreſſed. Whence, I conjectur'd, that air is 


to animals, like food; the quantity whereof ought to bear ſome propor- 
tion to their ſtrength: And, that I might more certainly know this, I 
put the ſame mouſe into my pneunaric engine, and rarify'd the air, ſo 
that it poſſeſs d more than double the uſual ſpace. Whilſt the air was 
rarifying, the mouſe prefently began to be better ; yet, a little white 


Jhrew-monſe 
condenſed air. 


after, he ſeem d ſick: and. when the air was reſtor d, it in no wiſe affected r of ar 
him. I, thus, | 1 the rarifaction three times, with the ſame ſag r, 24 


ceſs; but, at the mouſe died. 


(55.) Mays. 1677. I put a bee, with diſtill'd vinegar, and pulveriz d A l wine. 


coral, into a receiver; and the air, being wholly exhauſted, I order d the g 


ggg 2 matter 


= 


Puzuxazicr.matter ſo, that the coral fell into the glaſs of vinegar : but the air, pro- 
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duced from thence, did not reſtore any power of motion to the bee; but, 

when ſhe was expoſed to the open air, ſhe ſoon began to move herſelf. 
—_ a ſuſpicion ariſes, that artificial air is unfit to preſerve the life 

of animals. | 


Flies is artifi- (56.) Auguſt 12. 1676. I put two flies into a receiver, and, exhauſting 


* 


* 


dial air 


with fire in the 
artificial air of 
E. 8 


0 * « 


159 4. > 
Ki. 


an 


the common air, ſubſtituted, in its ſtead, air produced from goosberries, 


till it ſuſtain d twenty-ſix inches of mercury. 

Afterwards, I put two other flies, alſo, in vacuo ; but with this diffe- 
rence, that I let ſo much common air into them, as could ſuſtain rwenty- 
three inches of mercury. 

Within a quarter of an hour, the latter flies, upon the reſtitution of 
the air, recover'd that power of motion, which they had loſt in vacuo, and 
flew about in the rarified air; but the former lay without any motion, 
tho they had receiv d a greater quantity of air. . % 

Aug. 13. The flies, in the artificial air, ſeem d ſtill dead; but the others 
were luſty. . 

The flies, taken out of the artificial air, and expoſed to the common 
air, remain d ſo, all this whole day, without recovering life. _ 

Aug. 18. I repeated the experiment, with the ſame ſucceſs; tho' I had 
reſtored a greater quantity of artificial air. wil 

Hence we have an high confirmation, that artificial air is noxious to 


animals. 


(57.) June 22. 1677. I put paſte into three receivers, out of which, I, 
afterwards, exhauſted the " ' ; 
June 23. When the three receivers did, this day, regurgitate with air 
produced from the paſte, I kindled a perfumed cone, and put it into one 
of the receivers; which, being preſently ftopp'd, the fire, within one mi- 
nute, went out: then, by blowing, I expell'd the artificial air from the re- 
ceiver, and put fire into it, as before, and it burn' d bright for a conſiderable 
time ; tho I had ſhut the receiver as ſpeedily, and as accurately, as 

e. 1445 : | | i 

I made another experiment, after the ſame manner, with a fly; and, in 

the artificial air, ſhe preſently ſeem'd to be dead ; but, afterwards, bei 


expoſed to the ſun, ſhe, in a ſhort time, grew well again. Then, I blow 


common air into the receiver; but the fly, included as before, ſuffer d no 
Inconvenier.ce thereby. | 5 n 1 

I repeated the ſame experiment, with the ſame fly, in the third re- 
ceiver, fill'd with artificial air, with the ſame ſucceſs ; only this fly, when 
taken from the artificial air, could not be reſtored, without longer time, 


- 


becauſe ſhe was left longer therein. | ed 
Hence it appears, that factitious air is prejudicial to fire, as well as to 
the life of animals. 


* 8.) June 25. 1677. 1 put paſte into four receivers; and totally ex- 


* 


is anifcia} cir. hauſting the air from two of them, I pump'd out only half the air from the 
: P * 


„ June 


L2 
- 
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mon air, to be quite fill'd with air newly produced; but know not, whe- 
ther they had, for ſome time, regurgitated or no, ſo that the quantity of 
common air was much diminiſh'd. However, I put two flies, at once, 
into one of the receivers, after the manner before deſcribed ; and, ſoon 
after rhey rouch'd the bottom of the receiver, they remain'd without mo- 
tion. . I put a third fly into the receiver, after the ſame manner, and 
found ſhe liv'd a little longer there, than the former. A fourth fly, being 
put in, maintain'd her lite longeſt of all; yet, at laſt, ſuffering ſome con- 
vulſion, ſhe lay moveleſs on her back. All the flies, after ſome ſtay 
in the artificial air, being taken out, and expos'd to the common air, 
grew well in a ſhort time. os | 


I made the ſame experiments in another receiver, half full of artificial 


air, and, in a manner, with the ſame ſucceſs; but the flies in that re- 
ceiver, into which only common air was admitted, ſoon recover'd their 
ſtrength and morion. 

June 27. I found one of the receivers, which was wholly evacuated of 
common air, to be full of artificial air; but, it being caſually thrown 
down upon the grows, entrance was, thereby, given to the external 
air; yer I put a frog into it, which ſeem'd hot to be very lick therein. 

June 30. The fourth receiver, by the power of the produced air, 
ſeem'd, at length, forc'd away from its cover. I put a frog into it, and 
ſhe fell into high convulſions, for five minutes ſpace ; and then lay without 
motion. In four minutes after, I open'd the receiver, and, taking out 
the iros, ſhe remain'd, for forty-ſix minutes, without motion; but, af- 
terwards, in four or five minutes more, ſhe grew very well. 

Hence it is evident, that artificial air is very hurtful to the life of ani- 
mals; but that, if mixed with common air, it doth not ſo readily produce 
its effects. 4 den ; 

(59.) June 28. 1677. I put paſte into four receivers, three of which I 
caus d to be wholly exhauſted of common air ; but the fourth was left 
half full of air. | 

June 29, One of the receivers, that were wholly exhauſted, was found 
full of air, newly produced ; and a frog, being pur into it for four or five 
minutes, had ſtrong convulſions: then, for one minute, ſhe lay without mo- 


tion; whereupon, I took her out, and, in five minutes, ſhe began to move, 


and, a while after, became well again. 

I took another receiver, fill d with artificial air, and, putting a frog into 
it, in ſeven minutes ſhe ceas'd to be convulſive. And, afterward, when 
ſhe had lain one minute there, without motion, I open'd the receiver, and, 
taking her out, found that ſhe began to ſtruggle, and move ; tho? I judg'd 
thoſe motions to be the remains of her convulſions : for, after that, ſhe 


continn'd moveleſs for half an hour, and more; yet, at laſt, ſne grew 


well again. | 
The receiver, from which I exhauſted only half its air, had ſo long 


regurgitated with produced air, that, very probably, much common = 


00 3 
June 26. I found the two receivers, which I had left half full of com- 
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des had got out e r. with it A frog, being put into it, ſeem'd to be 
of Lily tb d, and convulſed, ferns 1 as the reſt did, and, 
then, ſhe ſeem'd quite dead; but, after a full minute, 1 open d the re- 
ceiver, when, the frog, being expos d to the open air, within a quarter of 
an hour, began to move. | | pF: 
I pur a frog into a receiver, full of common air, to try whether, the 
paſte being now taken out, ſhe would live any longer there. 
Jul) i the afternoon, I found her dead, tho' ſhe breath'd in the 
morning; ſo that ſhe liv'd about forty-eight hours. 
June 30. I put a frog into the fourth receiver, which was wholly filſd 
with artificial air; for ſeven minutes and an half, ſhe was vehemently 
convulſive, and, at laſt, died; then, aſter two minutes, ſne was taken 
out, but recover d no motion at all. | 
Juh x. Petceiving the frog to remain in the ſame poſture, I threw her 


away. | 
Monks we have a confirmation, that artificial air is the more hurtful to 


animals, the freer it is from common air. | 
(60.) June 30.1 included paſte in two receivers, and then exhauſted the 


1 put flies into the ſame receiver; but now it had admitted too great 
a quantity of external air, for the flies received no hurt. . 
ence we gather, that artificial air kills animals by ſome venomous qua- 
ty, and not only by the defect of common air; for the ſnails liv'd longer 
ain Vacuo, - | 
(61) Juhy 5. 1 677.1 took a receiver filled with air produced from cherfies, 
and 2 itted it out of that, into another receiver, full of common = 
in which a frog was kept : matters were ſo-order'd, that the water gave 
place only to the artificial air entring in; and the water itſelf lowed out. 
And thus the frog, being included in pure artificial air, for a quarter of an 
hour, and more, ſuffer'd convulſions, and, at laſt, lay ſtill without mo- 
tion; yet, being afterwards taken out, and expoſed to the open air, ſhe 
grew quickly well. | | | | 
Hence it ſeems probable, that air produced from cherries, is leſs hurt- | 
ful to frogs, than that produced from paſte. 
„ (62.) July g. 1677: J put goosberries into three exhauſted recei- 


bai | . July 
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July 20. 1 found one of them ſever'd from its cover, by the force of ln 


the produced air: I caſt a fly into it, which died inſtantly ; a ſecond fly 
being, likewiſe, caſt into the receiver, preſently died; a third put into the 
ſame, ſeemed, for a little while, to be convulſive; but lefs than a fourth 
fly, that I included therein; which yet, in one quarter of a minute, lay 
moveleſs. Afterwards, I diſpelled the artificial air out of the receiver, 
by blowing, and, in a little time, the ſſies grew well. | | 
July 24. I took another receiver, filled with air produced from gooſ- 
berries ; and putting a ſhrew-moulſe into it, found that he died there in 
half a minute. 

Probably, therefore, the air produced from fruit, is leſs hurtful to ani- 
mals, than that produced from minerals: for, on the 2oth day of July, I found 
that a mouſe liv'd not above a quarter of a minute in air produced from 
gun- powder. Fes | 


(63.) July 5. 1677. I included paſte in four exhauſted. receivers. 4 


+< 


Wy? 


f ſe, 
July 6, One of them, being filled with factitious air, was forced from its — uy 2 
cover, which I again ſtopped; yet not ſo ſoon, but ſome common air might cel ab of le- 


mix with the artificial: I put a ſhrew-mouſe into it, which was pre- 
ſently highly convulſed, 2 one minute and an half, remained move- 


leſs; and, being preſently taken out, he ſeemed to have ſome convulſire 


motions, and died. | 

July 7. I took a ſecond: receiver, filled with artificial air; and having 
included a little bird therein, ſuddenly ſtopped it: ſne preſently fell into 
convulſions, and, within about a quarter of a minute, died: I took her 
out, but twas too late, for ſhe never ſtirred aſter. 1 


I blew out the artificial air from the receiver, and then, another bird 


of the ſame kind, being put in, was very well, though ſhe ſtaid there four 
minutes. FT * f 5 |; 

July 9. I took a third receiver full of artificial air, and put that bird 
into it, which, in the laſt iment, had continued well, and yet ſeemed 
to be lively and ſound ; before ſhe had been there a full quarter of a 
minute, ſhe lay without motion, and being preſently taken out, there ap- 
peared no ſign of life in her. 


In the afternoon I put an adder into my fourth receiver, and, within two 
minutes, he began to be ſick, to gape and pant; yet he was not wholly. 


deprived of motion, till aſter twenty- four minutes. Then, in ſix minutes 
more, I took him out of the receiver, motionleſs as he was, and expoſed 
him to the free air, but he did not recover. | nN 
Juh 10. The adder remained in the ſame ſtate, and gave no ſigns of 
recovery. 15 . * 0 n 


(.) July 12. 1678. J put a bird into a receiver full of air produa i bird and # 


rew-wonſe, in 


ced from raiſins of the ſun; ſhe died in a quarter of a minute; and tho” artificial air of 


I rook her out preſently, yet ſhe never ſtirred more. | 
July 18. I, likewiſe, put a ſnrew- mouſe into a receiver full of air, pro- 
duced from raiſins of the fun ; but a thread, left on the edge of the re- 
ceiver, hinder d me from ſtopping it cloſe; yet the mouſe preſently be- 


gan 


a  raifins, 


Phyſicoomechanical | Experiments. 


an to be very ill, and, after two minutes, he lay, as it were; without 


any motion; yet, being taken out, he was well again in two or three 
(s;.) Oflaber 1. 1678. About ten in the morning, I included a ſhrew- 
with common air, in a receiver, fortified againſt the external air; 
about eleven, the mouſe could hardly breathe: I threw another ſtrong 
luſty mouſe into the ſame receiver, and preſently put on the cover; but 
the firſt mouſe, having conſumed ſome of the air,” the external air was 
forcibly impelled into the receiver, and ſo diſpelled a great part of the 
air ſtagnant there: upon which, the firſt — ſeemed to be much bet- 
ter; neither did he die much ſooner than the other, but both of them 
died about noon. About four in the afternoon, I put another ſtrong 
mouſe ĩnto the ſame receiver; and, leſt the external air might again 
expel the included air, I put him in very leiſurely: this third mouſe lived 


not three minutes entire. F 


| Whence we may conjecture, that the portion of air which hath once 


ſerved for the reſpiration of animals, as much as it could, is no longer 


uſeful-for the reſpiration of another animal, at leaſt, of the ſame | kind. 


| gail; is fei. (d.) April 28. In the morning, I put ſo great a quantity of paſte into 
liens air of paſte. an exhauſted receiver, that, in the afternoon, I found the receiver full of 


vveſe. 


e at of 


factitious air; whereupon I put a ſnail into it, which preſently frothed 
very much, and — and contracted itſelf; but, in four mi- 
gutes, he ceas d to move 77 ee took him not out, till he had ſtaid in the 
receiver for : a quarter of an hour; and then, being releas'd, he ſeem'd 
as if quite dead: for, tho? he were prick d with a pin, yet he diſcover d no 
ſign of life; tho*, after another quarter of an hour, being prick d, in the 
fame manner, he moy'd alittle” © 1 ü 11 20 
I blew out the factitious air, and put in another ſnail : he remain'd 
very well in the receiver, and did not froth at all. 1.0 | 
Hence we have a confirmation, that factitious air is a greater enemy to 
N ee = + 9g”: 1 * vil -d 61 
67.) June 22. 1678. In the morning, I put green e into an ex- 
hauſted receiver; and, towards — . — had almoſt attain'd 
ben inches: uot vor gg i3bbe ne omg] coomts 13 0; 
June 23. The height of the mercury was almoſt thirty inches. 
June 24. The mercury did not yet exceed thirty inches in height. | The 


= 


over no r ſtuck to the receiver; yet nothing, hitherto, had eſcaped. 


June 26. I included the ſame peaſe in the ſame evacuated receiver. 
Jußh 29. When I now found that the receiver was fill'd with factitious 
air, I thruſt a ſnail into it, which froth'd much, and very often ſhot out 


And countracted his horns; but, in ſix minutes time, he lay ſtill, as if he 
Hhhad been dead; and continued thus for two or three minutes; then the 
receiver being open'd, and the ſnail-taken out, mov'd' himſelf a little, if 


he were pricked. Whence it ſeems to follow, that air produced from 
peaſe is leſs prejudicial to ſnails, than air from paſte. I blew new air 
ato the receiver, and a ſnail then put into it, did very well. * 


2 
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In this experĩment ĩt ſeems obſeryable, that peaſe quickly produce air Rene. 
in vacuo; 2 in the uſual compreſſure of air, they ym little. 

(68.) June 22. 1676. I put a butter- fly into an exhauſted receiver, and A in va- 
it was almoſt three hours before Ke was wholly deprived of motion; j19.,%6,* ® 
at length, perceiving him to lie unmoved, I let the air into the recei- 
ver, and, preſently, the butter-ly moved. Then I bound him, by one 
of [his horns, with a thread, and ſuſpended him in the receiver; when, he 
was carried very freely from one part of it to the other, by the motion 
of his wings; but, after the air was extracted, the clapping of his»wings 
was in vain, for he could not, in the leaſt, move the thread from its per- 


ndicular poſture. 
(69.) July 12. 1676. Yeſterday I put two flies into a receiver, in which Fi: in g recei. 
I left + of air, (i. e.) as much as would ſuſtain ten inches of mercury Sadat 
the biggeſt of the flies ſeemed to die preſently ; but the other, which was 
a ſmall- bodied one, lived almoſt twenty-four hours. 
When both the flies lay, as if they were dead, I ſuffer'd ſome air to 
enter in; the mercury was fifteen inches high, when the leſſer fly began 
to move her feet, but the other continued ſtill without motion. 
Hence it appears, that air, highly rarified, may ſerve for inſects to 
breathe in; and that it doth not kill them ſo ſoon as artificial air. : 
(70.) May 1. I put two ſnails into an exhauſted receiver, and, for a Will in vacue, 
whole hour, they ſeemed to be well enough, and crept up to the top of 
the veſſel; but, in two hours time, they fell down from 2 and lay 
without motion. | 
After they had remained in vacuo for fix hours, I took them out, and, 
within half an hour, they began to move a little. During the time they 
were included, they produced near as much air as ſuſtain d the mercury 
at the height of a quarter of an inch. 
Theſe Raus livd longer in vacuo, than did others included in artificial 


ir. 
71.) Auguſt 12. 1676. I put the eggs of flies into an exhauſted re- T eggs 
ceiver, to try if they would there produce worms. 8 xa 
Aug. 14. Worms were formed, but the air had crept into the receiver, 
ſo as to ſuſtain fifreen inches of mercury. 
Hence it appears, that inſects may be produced, and live, if not in va- 
cuo, yet, at leaſt, in air very highly rarifies. 
Auguſt 16. 1677. J pur flies eggs into an exhauſted receiver. 
No worms being produced, I admitted the air into the receiver, and 
left all things in the ſame poſture, to try whether the eggs had loſt their 
faculty of producing worms. 
Sept. 9. The eggs Ine nothing. | 
This experiment ſeems to ſhew, that inſets may be generated, and 
_ in 5 highly rarified; _ not at all in vacuo. = : 
72.) March 17. 1677. I put two equal quantities -ſpawn, into, Tg. en in- 
two glaſs veſſels of equal 1 Tief ele one in an — a — 
expoſed to the ſun; but the other, being in a receiver full of common air, . 
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Pxzoxcarics.] fortified againſt the acceſs of the external air. The frog-ſpawn 
u vacuo, all fwell'd into bubbles. | nl! 

May 2. No frogs were produced in either receiver ; and the ſpawn, 
kept in vacuo, remain d ftill full of bubbles: but, about three days ago, 
all the bubbles vaniſh'd, and the ſpawn was changed to à green liquor. 

July 2. The receivers remained in a window, expoſed to the noon-day 
ſun; ſo that ſome water, mix d with the frog-Ipawn in vacuo, and 
the very ſpawn itſelf was elevated into vapours ; and afterwards, ſtick- 
ing to the ſides of the receiver, out of its own veſſel, was there con- 
denſed : but the veſſel, kept in the common air, ſtill contained all its wa- 

ter, together with the ſpawn. | 
{frog in Neo- Pham, June 15. I ſhut a frog in an exhauſted receiver, at about ſe- 
| ven of the clock in the evening, and about nine the frog died. 

June 16. I repeated the experiment, and again perceived, that the 
. trog, in two hours ſpace, had produced ſome air, rather than con- 

umed it. | 

June 18. The frog, hitherto left in vacuo, was ſwollen very much; 

— Soo air, now entring, made her far more flaccid and lank than 
re. 

Hence it appears, that a receiver, void of artificial air, is leſs hurt- 

Nis ful to ſuch kind of animals. 

m big, in (74-) Auguſt 3. 1678. I put fly-blowings, upon fleſh, into an exhauſted 
vacue. recewer. — 

Aug. 12. No worms were generated. 

Aug. 15. Perceiving no change in the eggs, I open d the receiver, to try 
whether they would generate in the free air. 
| _ 15. Nothing was produced from them. 

ence we ſee, that animals, which may be generated, and live in 
highly rarified air, are killed in vacuo, 
Vinegar al in (75.) Aug. 22. 1678. I included vinegar full of ſmall eels, or vine- 
— gar worms, in an exhauſted receiver. by 
Aug. 29. The worms ftill moved, but were fewer than at firſt. 
September 6. Yeſterday ſome of the worms ftill moved, but now I could 
not ſee one; and uſing a microſcope, I found them all dead: but, in the 
vinegar, which I had left in the open air, the eels had as brisk a motion, 
as at the beginning. | 78 
Hence it appears, that very minute animals are alſo affected by the 
prefence and abſence of the air. 
Fire Un comp (76.) May 14. I took a perfumed: cone, which being once kindled in the 
fol os, cow, free air, will, by degrees, wholly conſume ; and put it into a receiver firm- 
Sol ime, ly ſtopp'd with a ſcrew : then I intruded air into it, till the mercury roſe 
— pr nc one hundred and twenty inches above its wonted height; when, by a burn- 
we air, Ing-glaſs, I kindled the cone, which preſently darkned all its receiver with 

ſmoke, and, after ſome time, ſeven eighths of an inch thereof, in length, 

were reduced to aſhes ; but taking out the cone, and blowing away the 


aſhes, I found only the ſuperſieies thereof conſumed; the inner parts re- 
maining entire. Ran | 0 I 


* 
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I included another cone of the ſame ſort in a much greater receiver, but Psena ies 


did not compreſs the air therein: the cone, fired by the ſame burning-glaſs, 
was not taken out, till all the fumes abated and fell down ; yet, much leſs 
of this cone was burnt, than of the former. 

(77.) May 19. I weigh'd a perfumed cone exactly, and then firmly inclu- 
ded it in a receiver with common air, and kindled it by means of a burn- 
ing-glaſs; when the fumes were condenſed, I took the cone out of the re- 
ceiver, and found, it had loft of its weight, almoſt one grain. 

Afterwards, the ſame cone, obſerving the ſame circumſtances, was a- 
gain included and kindled ; but firſt I had intruded as much air into its re- 
ceiver as ſuftain'd ninety inches of mercury; and, by means of a pair of 
ſcales, found the loſs of weight, now, to be four times more than before. 

Hence it ſeems to follow, that the conſumption of matter by fire is 
greater 1 to the quantity of air contain'd in the receiver. 

(78.) May. 17. 1677. I included a perfumed cone in a receiver firmly 
ſtopp'd by the help of a ſcrew; and the air compreſſed to ſuſtain ſixty inch- 
es of mercury above its uſual height, I fir d it with a burning-glaſs ; the 
cone being afterwards taken out, had loſt three grains and an half in 
weight. 

8 the ſame experiment in air, ſo compreſſed, that the mercury 
reached one hundred and twenty inches higher than uſual; then che cone was 
ſeven grains and three quarters lighter; and ſo, tho the quantity of the air 
was not double, yet the conſumption of the matter by fire, was more than 
twice as much as in the former experiment. 

May 17. I made the fame experiment in air, compreſſed to ſuſtain 
g inches of mercury; and, then, the loſs of weight ſeem d to be 

ains. 

ereby we are taught, that the matter is the more conſumed by 
fire, as ito compreſſure of the air in the receiver is the greater; or rather, 
that the conſumption is made in a proportion greater than that of the com- 

ure. 

May 18. 1677. I intruded a Jared cone, as before, in a receiver ſe- 
yen times larger than that uſed in the former experiments; and crowded 
no air at all into it. The cone, kindled there, loſt three grains and a quar- 
ter of its weight; whereas, in the ſame quantity of air, if reduced to a 
fifth part of its ſpace, it would have loſt ten grains. 

Hence it ſeems to follow, that the ſame quantity of air, reduced to leſs 
than its accuſtom'd ſpace, cauſeth a greater umption, than in its na- 
_ tural ſtate. | 

(79.) May 19. 1677. I repeated the laſt experiment, in the ſame receiver, 
cloſely ſtopp d with a ſcrew, that nothing might get out or in. The cone 
loſt but one grain and a quarter of its weight; whence I ſuſpect, that it 
was not well kindled. 

May 21. I made the ſame experiment, in the ſame manner; and this day 
the cone was lighter by four grains; whence I more certainly collected, 


that it was not well ſet on fire in the preceding experiment. 
| Hhhh 2 May 
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PowoxcariCE, | May 23. I repeated the ſame experiment twic but ſu ect, that the 


1 


cone was not well kindled; ſince, at one time, it loſt, only three quarters, 
and at another, one grain of its weight. 


May 24. I made the ſame experiment again; and this Gay alſo the loſs of 


weight was found only one grain and a quarter. Then I open'd the re- 
ceiver, -and having wiped and cleans d away the ſoot, repeated the experi- 
ment; when the cone took fire very well; for the loſs of its weight a- 
mounted to ſix grains and an half. | 

I tried the ſame experiment again, in an yncleans'd receiver, and the 
cone loſt only three grains. | 
May 25. I made the ſame experiment in a receiver well waſh'd, and the 
cone was lighter by ſix grains and an half. | 

I made the ſame experiment, in the like manner, in a well cleans'd 
receiver, and the cone loſt ſeven grains and an half. 

I made the ſame experiment again, in an unwaſh'd receiver, and then 1 
could not ſufficiently kindle the cone. 

May 26. I made the ſame experiment in an unwaſh'd receiver, about the 
middle of the day; the fun being clear, and bright; and remoy'd not the 
burning-glaſs for a long time, ſo that it took fire very well, and became 
eight grains lighter. 

Hence it is manifeſt, that the quantity of a cone to be conſumed in the 
ſame quantity of air -is not fix'd and certain, but ſometimes greater, 
ſometimes leſs, as the cone ſhall be more or leſs kindled. Beſides, the im- 
perfect mixture of the matter may cauſe ſome difference; yet it ſeems cer- 
tian, that fire is more eaſily kindled in compreſſed air, than in common; 
and the conſumption will be the greater in a certain quantity of air, if 
that air be reduc'd into a narrower ſpace, than if it poſſeſs d no more than 
uſual. | | 

© (80.) May 22. I put a perfumed cone into a receiver made for compreſ- 
fing the air; and intruding the air till the mercury reſted thirty inches above 
its uſual height, I kindled the cone, and found its weight to be abated 


one grain and three quaters. 
y 23. I made the ſame experiment again, after the ſame manner, 


and with the ſame ſucceſs. 

I repeated the ſame experiment, but the cone did not kindle well. 
Whence we have a confirmation, that fire is more eafily kindled in air much 
compreſſed, than in common air, or that which is but a little condenſed, 

I repeated the ſame experiment, and after I had remoy'd the burning- 


glaſs, whilſt I was intent to ſee, whether the cone would proceed to be con- 


umed, the receiver brake into an hundred pieces, ſome, of which, ſtruck 
my head and wounded it: which I mention, that no man may be 
confident his glaſs will not break, whilſt he is about ſuch experiments, 
becauſe he has found, that at other times it reſiſted a greater. preſſure. 
For this very glaſs, had contain d air four times more compreſs d. It had alſo 
reliſted air, ſuſtaining one hundred and ninety-eight, inches of mercury a- 
bove its wonted height; yet, now, it was broken by a preſſure, more 72 
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fix times leſs ; and, therefore, while a man looks into ſuch receivers, hisP*zvnarren; 
head ſhould be guarded. "oh LAN 

(81.) June 4.1676, I burnt paper, beſmeared with ſulphur in vacuo, Fire mate uſe 


and found, that it prodced ſome air ; which was not at all diminiſh'd for"? 0 5. — 


two days. beprintled with 
This air muſt be aſcribed to the paper, for none is produc'd out of ſul-/** wm. in 
phur alone. 


(82.) June 15. J burnt harts-horn in vacuo, and found, that the fumes, Rane 
iſſuing therefrom, contain'd ſome air. in vacuo- 

June 17. On theſe two laſt days, I repeated the ſame experiment, and 
always obſerv'd, that air produced from harts-horn, was ſoon, in part, 
deftroy'd ; but that, which preſerved its elaſticity for an hour after the 
burning-glaſs was remov'd, ſeem'd, afterwards, not to loſe it at all. 

June 19. I took the harts-horn out of the receiver, and found no volatile 
ſalt, but only a ſetid oil to be produc'd therefrom. 

(83.) June 21, I burnt amber in vacuo, and, at firſt, could not find that the Amber burnt in 
fumes aſcended above the height of one inch; yer, in a receiver full of air, they 
would be carried up to the top, and from thence return downwards ; yet, 

' afterwards, even in the vacuum itſelf, the fumes reached almoſt to the top of 
the receiver, but the mercury varied not at all in its gage. 

June 22. This night, a great deal of that water, in which I had immer- 
ſed the receiver, found a paſſage into it, tho the cover was ſo well fitted to 
the aperture, that I never perceiv'd any water to get in betwixt them, be-- 
fore. Hence a ſuſpicion aroſe, that ſome volatile ſalt had, probably attracted. 
the aqueous parts, by reaſon of the congruity betwixt them. 

July 8. I ſtill kept the receiver immerged in water, but no more water 
entered in; as if, the ſalts being waſhed away, the external water, deſtitute 
of aſſiſtance, could no longer inſinuate. 

(84.) Jan. 18. 1677. I put two drams of camphire into an exhauſted re- Campbire gb 
ceiver ; and the juncture of the cover, with the receiver, being fortified a- * in vacue.. 

inſt external air, I put the camphire on a digeſting furnace. 

Jan. 19. The camphire ſublimed into flowers, but no air was produced. 

(85.) May 24. 1676. I included Sulphur vivum in an exhauſted receiver, Sulphur vivans: 
and melted it * help of a burning-glaſs ; but found, that the fumes, #4 in vacuo. 
produced therefrom, contain d no air, becauſe the mercury aſcended to 
the aperture of its gage, as is uſual, while the receiver is evacuating; yet, 
when that was cool'd, the mercury return'd to its former height: and, 
therefore, that change was, probably, owing to the air included in the 
ſeal'd leg of the gage, being rarified, and driving the mercury into the 


A mg The ſubſiding fumes had tinged the ſuperficies of the macw.. 
0 
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Ne (87. ] September 9. 1676. I exhauſted the air out of a receiver, half full 
al, of dried grapes, and fortified it againſt the external air. | 

i s Sept. 10. In twenty-four hours time, the height of the mercury was +, 

n werd. Sept. 12. In two days time, the aſcent of it was +. 


I 4. . 
3 | 8 The aſcent of the mercury was by 
22. T* 
N 27. The aſcent was +. The height three inches. | 
Frow figs. October 11. The height of the mercury was now about fix inches. 
September g. 1676. I put dried figs into a receiver, and fill'd about half 
of it with them; then I extracted the air, till the mercury reſted at the 
height of three inches. "is | 
Sept. 10. No air was produced. | 
Sept. 17. Perceiving no air to iſſue out of the figs, I open'd the receiver. 
Hence we learn, that dried fruits, put into an exhauſted receiver, pro- 
| duce very little air with regularity. 
E (88.) Auguſt 5. 1676. I included pears and apricocks in vacuo. 
_— Aug. 6. In eighteen hours time, the mercury roſe two inches; in ten 
hours more, it reach'd to three. 


| 29 ge The height of it was 49, 
| 9. In fourteen hours ſpace, the mercury mounted three quarters. 
Its height was ſeven and a quarter. 


Aug. 10 8+ | Aug. 18 25 
11 | 104% 19 29 
| | 42 20 5 217 
13 >The height of it was 145 21 >The height of it was 32 + 


14 16 22 34 
15 18 23 35 
16 20 26 13 8 = 
Aug. 29. The height of the mercury was forty-one. 
Sept. 1. The height of it was forty-two and a half. 


4. The height of it was forty-four. 
7. The three laſt days, being hotter than the foregoing, the aſcent 
mercury was two and a quarter; its height, forty-ſix and a quarter. 

Sept. 10. The height of the mercury was forty-ſeven and a half. 

13. The mercury was depreſſed ; its height only forty- four inches. 
23. The mercury, by degrees, e again to forty-eight inches. 
27. The height of the mercury was fifty and a half. 

Nov. 5. The mercury aſcended, gradually, to fifty-two and a half. 
„Wo. 28. The apricocks were reduced to water; the skin being ſever d 
| from the pulp, yet no more air produced. | 

Jan. 10. 1677. Whilſt it froze very hard, the mercury roſe to fifty- 
{even inches; but, when it thaw'd, it ſunk to twenty-three. Whether 
the ſtrength of the froſt open d ſome way for the air to get out, I know 
noc. 62 121 : | 


( 3 March 
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March 3. The mercury could aſcend no higher, becauſe the air was got En ν 
out. This day I found the receiver tumbled on the ground; and the apri- < 
cocks, when the froſt broke, were putrefied, and had loſt their colour. 

Hence it ſeems to follow, that apricocks produce air almoſt as eaſily in 
their wonted preſſure, as in vacuo. 

(89.) June 22. 1676. I put ſour cherries into two exhauſted receivers, rr cherries, 
and, proceeded with both alike, except that in the one, the cherries were 
whole, in the other, cut aſunder; in two hours, the whole cherries had 
impell'd the mercury into the gage, to the height of ten lines, and the cut 
ones to about twenty. 

une 21. In twenty-four hours, the mercury, in the receiver containing 
the whole cherries, roſe to the height of three inches ; but, in the other, 
the gage was ſpoil'd. 

June 26. The whole cherries had not yet produced ſo much air, as to 
ſuſtain fifteen inches of mercury; but the cut cherries had wholly fil d 
their receiver with air. 

July 9. The receiver of the whole cherries was removed from its cover; 

L eat one of them, which taſted pleaſant enough. I included the reſt again 
in vacuo ; many of them were broke, and, in one hour's time, they im- 

Id the mercury to the height of about two inches. | 

July 10. During theſe laſt twenty-four hours, the mercury aſcended 
not: whether the gage was damaged, I am not certain. | 

July 15. I found the cover ſever'd from the receiver ; whence it was 
clear, that the gage was hurt. 

Hence it appears, that ſome cut fruit, ſooner produce their air, than 
what is whole. 

(90.) June 9. 1676. I put ſome cherries, that were not acid, into an 
exhauſted receiver ; and, -within an hour, found as much air produced 
from them, as ſuſtain'd a quarter of an inch of mercury. 

June 10. In eighteen hours, the mercury roſe to eleven inches. | 2009 

June 11. The fruits produced leſs air, gradually; ſo that, this day, to- 
wards the evening, the mercury came not up to * inches. | 

June 12. The mercury was a little higher than fifteen inches. 

13. The height of the mercury was twenty-two inches. 
16. The mercury, yet, came not up to thirty. | 
18. Perceiving no more air to be produced, I open'd the receiver. 

Such a ſmall production of air ſeems very remarkable, becauſe I had 
found fruit, of the ſame kind, in France, to fill their receivers in two days 
time. Probably, fruits of the ſame kind, in ſeveral countries, differ much 
amongſt themſelves. | | ; 

(91.) June 12. 1676. I put cabbages, cut in pieces, into an exhauſted In ce 
receiver, with a mercurial gage; and, in an hour's time, the mercury 
aſcended one line. 

June 13. The mercury was now come almoſt to the height of ten inches. 

17. It was come almoſt to the top of its gage; and, the receiver 


being open d, I found the cabbages little alter d. J. 
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e June 19. Being left for two days in the open air, they were wholl 
WYV or ed, and Wlackiſh. 1 put them again 3 to 0 whether = 
putrefaction begun, would promote, or retard the production of air. 
June 19. The mercury, in half an hour, ran up half an inch. 
22. For three whole days, the mercury got higher, only by ten 
lines. Its height was one, and a third of an inch. 
June 23. Finding the cabbages produce no more air, I took them out 
of the receiver ; their ſmell was very bad. 
Hence a ſuſpicion aroſe, that bodies, when they putrefy, have produ- 
pu. 23 their air. + chi p Vat | 
From or 92. 29. 1676. I t ieces of orange, weighing tour ounces, 
85 and put them into a receiver, ale of holding ten ounces of water ; and 
exhauſted the air. 
| 10. The receiver was remov'd from its cover, by the force of the 
air produced ; ſo that I took out the oranges, and preſently put them into 
another exhauſted receiver, capable of containing eight ounces of water; 
when, the mercury, within half an hour, was elevated to the height of half 
an inch. | | | | | 
June 13. This ſudden aſcent of the mercury was not durable; for it, 
yet came not to the height of two inches. 
June 16. The mercury, during the laſt twenty-four hours, aſcended 
about three lines. 
June 21. The mercury, the laſt twenty-four hours, did not aſcend the 
ſpace of one line. * | 
July 18. I perceiv'd no more alteration in the height of the mercury, 
but ſome mouldineſs appear'd ; tho', I am certain, that no air, from 
without, had enter'd the receiver. 
Frew n. (93.) April 27. 1676. I put a tulip into an exhauſted receiver, with a 
mercurial gage ; but, before it was fortified againſt the external air, enough 
got in to ſuſtain two inches of mercury. 
May 2. The tulip which, at firſt, appear'd ſtriped with various colours, 
was now wholly changed into a dark red, become moiſt, and produced 


very liteie air. ; 
Half a lewnos. V N. April 22. 1676. J put half of a lemmon into an exhauſted re- 
| ceiver, with a mercurial gage, fo ſhort, that the mercury could not aſcend 
three inches. IT 
April 24. In two days ſpace, the mercury came to the height of an inch 
and a half. | | 
April 25. The mercury was now two inches high | 
April 27. Yeſterday the mercury aſcended four lines; but, this day, only 


* SS + & * 


One. 14 
f April 29. During the two laſt days, the mercury mounted higher by one 
22 FINS. | | 
Mu 3. In four days ſpace, the mercury aſcended one line, and a little 
more. | | 
May 3. 1677. The mercury came to the top of the gage, yet no air got 
dut ʒ but the lemmon was * alter d. Jan. 
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Ja 1. 1678. Hitherto no air eſcaped out of the iver ; but the Pre 
ped receiver the P 1 


lemmon had contracted a 2 colour, and a moiſture. 

(95. March 16. 1677. 
hauſted receivers; one of the apples having begun to putrefy, but the other 
was only bruis'd by a few — 

May 15. 1677. Hitherto they ſeem'd in v caſe; but now t 
apple, which was bruis d, appear d wholly — the receiver = 
forc'd from its cover : the other apple remain'd without change. 

Avguſt 20. 1677. The apple, which before began to be rotten, ſuffer'd 
no farther alteration ; but, finding that the receiver was now parted from 
its cover, and fearing leſt the apple would be ſpeedily putrefied, I took it 
out: its taſte was grateful, inclining to acid, as if it had been fermented ; 
but the pulp ſomewhat reſembled meal in conſiſtence. 

Hereby it ſeems confirm'd, that fruits have produced the greateſt part 
of their air, when putrefaction begins in them; ſince the putrid apple did 
not fill its receiver, but in a much longer time than the — 

(96.) May 17. 1676. I pourd two equal quantities of milk into two . 

laſs-receivers, of equal bigneſs ; the one I left in the free air, and the other I 
included in an exhauſted veſſel, with a mercurial gage. 

May 18. The cream floated on the top of the milk, left in the free air; 


_—__ in vacuo, was only cover d with bubbles, and the gage not alter d 
at all. 

May 19. The bubbles gradually ſwelld; and the mercury, in the gage, 
was a little higher. 

May 20. The bubbles, in vacuo, ſwell'd yet more, and that milk ſeem'd 
curdled ; but the other, in the free air, was, manifeſtly, curdled. 'The 
mercury, in vacuo, came almoſt to the top of its gaze. 

May 22. The milk, in vacuo, proceeded to generate more air; and now 
it evidently appear'd to be curdled. Whence, it is manifeſt, that the co- 
agulation of milk, when the air is taken away, is retarded. Almoſt all 
the bubbles were now broke. 

20. The milk, in vacuo, was no | cover'd with bubbles, and 
remain'd ſtill eg in the ſame ſtate. But the milk, in the free air, 
became very fetid, and was full of worms. When it was put on the engine, 
and the air extracted, it emitted many very large bubbles, for a lon 
time ; and the worms mov'd very vehemently, but not one-of them Ge 
in four hours me Gn 5 e | 

19. 1677. Ihree or four months ago, lome „ in vacuo, WASWhey, 
* out of a veſſel into a receiver, and it ſeem'd 1 and limpid, like 
water; yet there was whey enough left in the veſſel, to ſeparate the bu- 
tyrous from the caſeous part, at a ſufficient diſtance. | | 

This day the milk, ſtagnant in the receiver, ſeem'd to have got out of 
it; ſo that it is clear, the air, in the receiver, had a greater force than the 
external air; for the cover, alſo, was ſeparated from the receiver. To- 
wards night, I took that milk out of the receiver, and found it to be acid, 


both in ſmell and taſte, yet it was not ungrateful to the palate ; but, after 
Vol. IL I 111 4 


put two apples, of the ſame ſort, into two ex- Ala. 
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Drunter. g ſhort time, the whey, which hitherto had remained limpid between the 


Urine. 


Paſte. 


caſeous and butyrous part, began to diſappear, and to be blended with the 
reſt. | | 
24. The butyrous wholly vaniſh'd ; tho', as yet, it had ſuf 
42420 Table e. * the milk began to ſmell ill. | 
ane 1. Our milk had not, yet, contracted the worſt of ſcents ; neither 
had it produced any worms : but it grew dry by degrees, and, this night, 
the mice eat it up, as, perhaps, they had the butyrous part before. 

Here we ſee, that the coagulation of milk, when air is extracted there- 
from, is ſomewhat retarded ; that the weight of the butter, of whey, and of 
cheeſe, is not the ſame in the air, as in vacuo; for, in the air, they are con- 
fuſedly mixed ; but, in vacuo, one ſwims on the top of the other ; that 
the putrefaction of milk, when air is extracted, is hinder'd, or very much 
retarded ; and, laſtly, that milk, by continuing long in vacuo, is made 
unfit to generate worms, even in common air. 

(97.) September 5. 1677. I took the ſame receiver, and the ſame veſſel, 
uſed before to preſerve milk in vacuo, and included urine therein, as I had 
done milk before. 'The quantity of urine was about three ounces, and 
three drams, and the receiver capable of holding ten ounces of water. 

Sept. 7. The mercury reach'd to the height of almoſt two inches. 

Sept. 8. The mercury was ſomewhat higher than yeſterday. 

December 5. The mercury aſcended not above three inches; and, for the 
x = wo paſt, was not changed. The urine ſeem'd not to be at all 
alter” 

Decemb.6. I ſet other urine under a receiver, not defended againft the 
external air. 

Decemb. 16. The urine, in vacuo, ſtill kept unalter'd ; but the other, in 
ten days time, ſeem'd turbid, and to have contracted ſome mouldineſs on 
its ſuperficies. | 
This experiment, compar'd with the former, makes it probable, that 
urine contains leſs air than milk. 

But 15 of the air to corrupt urine, ſeems very obſervable. 

(98.) May 19. I took paſte, very much diluted, and without leaven, 
and putting it into a glaſs-veſſel, included it in an exhauſted receiver: and 
tho the veſſel which contain'd it, were not half full, before all the air 
was exhauſted ; yet the paſte had ſwollen above the brim of the veſſel. 

May 20. The paſte continued to ſwell, and was interſpers d with many 


ca vit ies. 


May 22. The — was much more tumid than before, and much air 
was generated therefrom 8 

May 23. In the morning I found the cover ſever d from the receiver, by 
the force of the produced air, and ſome of the paſte ſpread above the 


edges of the receiver; yet its ſwelling was ſomewhat abated. In the af- 
ternoon, its ſwelling was much more abated, yet it took up twice more 
ſpace than before it was put into the receiver. The taſte of it was not 


acid; and, therefore, I think, that bread, thus made, is very light. 


(99.) 
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99.) July 20. 1676. I put a quantity of beef into an exhauſted receiver, P*zvxarics; 
defended againſt the external air; and another equal quantity into a re- 2 


ceirer, neither exhauſted, nor cloſely ſtopp'd. 


July 21. In thirty hours time, the exhauſted receiver was filld with air, 


ſo that I ſuſpected ſome air had got in: and, therefore, included the ſame 
bor 00D. and fo cloſed it; there was no fear any external air ſhould 
enter. 


Jay 22. In fourteen hours time, the mercury roſe to the height of fifteen 


July 25. For three whole days and more, the beef did not produce air e- 

7 to fill one half of the receiver. 

uly 26. The receiver was ſever'd from the cover; and in one hour's time, 
I perceiv'd the beef, being again included in vacuo, had produced air enough 
to ſuſtain ten inches of mercury. 

July 28. I found the receiver again fill'd with air, and re-exhauſting it, 
much air was in a ſhort time again produc'd from the beef. 

July zo. The receiver being again fill'd, I again included the beef in va- 
cu o, and found, that the air produced from it in one hour, ſuſtain d ten 
inches of mercury. 

Auguſt 1. The receiver being this day fill'd again, the beef ſtunk abomi- 
nably, and we threw it away. 

Hence it appears, that fleſh, whilſt it putrefies, produces much more air, 
than before it putrefies ; but tis otherwiſe in fruit. 


(100.) July 18. 1676. I put ſome goosberries, which I had long kept in G nin 


receivers, to produce air, into one that was exhauſted. 

Within half an hour the mercury aſcended to the height of one inch. 

In an hour and a half, the mercury mounted another inch. 

July 19. In twenty-four hours time, the receiver was almoſt all filled 

July 20. The cover was forced from the receiver, and much juice run 
out. 

Juh 29. J left the ſame goosberries in a receiver, not defended againſt 
the external air; but this day I included them again in vacuo, to try, whe- 
ther they could produce any more air. | 

July 3o. In fixteen hours time, the goosberries drove up the mercury an 


inch and a half into the gage. 
July 30. 1677. The goosberries could not wholly fill the receiver; and 


they always remain d in the ſame ſtate ; but a while ſince they had almoſt 


loſt their red colour, and inclined to white. 
From hence it ſeems to follow, that this fruit, after it has produced all 
its air, ſuffers very little alteration z as if that air itſelf were the cauſe of 


corruption. 


(101.) Auguſt 23. I put pears into an exhauſted receiver with a mercurial Pears; 


gage; and before the receiver could be well defended againſt the external 
air, the mercury was riſen one inch and a half. | 

In two hours time it aſcended four inches; its height being almoſt fix. 
; 0111-3 | Auguſt 


612 Phy feco-mmchanical Experiments. 


n 24. The height of the mercury was twelve inches. 


Auguſt 25. The height thereof was ſixteen. 
Ang. 26T The height 3 | Aug. 287 The height 723 
27 of it was Tzr hs 31 of it was Q30 
Sept. 1 $9 1 pe 2 n N 
The height 337 74% The height 97 
y of it was 337 - of it pal 4 
Spt. 7. The height of it was the ſame, becauſe ſome ur had eſcaped; 


but I prevenred that for the future. 
532 
. height of the mercury ma 


Sept. 12. Yeſterday the the mercury remain d at the ſame height; but now 
it ſeem'd to be de preſled : whence I conjecture, that ſome air had got our, 
The height of it ue fifry-three and a half. 
Sept. 13. Itranſmitted the air into another receiver: the height of itwas 

thirty-two and a half. 

Sept. 16. I perceiv'd that the air had got out; and opening the receiver, 
found the pears very rotten. 

Theſe pears produced their air irregularly, ſometimes quicker, ſometimes 


ſlower. 
Dried lambs, 102.) Sept . 17. T put dried plumbsinto an evacuated receiver. 
| Sept. 19. The mercury ſeem d to have aſcended a little. 


Sept. 22. I perceiv'd not, that the height of the mercury was alter d. 
Novemb. 9g. When the plumbs produc'd no more air, I open d the 


receiver. 
By this experiment, tis confirm d, that dried fruit is very unfit to pro- 


duce air. 
(103. ) Sept. 28. I put freſh nut- kernels, cut to pieces, into an evacuated 
receiver, with a mercurial gage. 
Sp t. 29. The mercury aſcended a little. 
58 The height of it was two inches. 


0530 ne to aſeend by degrees: ce hight of i 


3 ſix inches. 
Ooh. 15. The height thereof was ten inches. 


Octob. 22. The height of it was fiſteen. 
© Nov. 28. The mercury was come to twenty inches, or more; but now 
the receiver was thrown down and broken, and the nut-kernels ſontter d: 
they were preſery'd very well, both as to colour and taſte. 
Hence we en that air, wirhout ſenſible putrefaCtion, is 
producible from fruits, even of a hard conſiſtence. 
The Prodi (104.) June 22. I included new peaſe in a receiver, with a glaſs full 
- So $5 rt A railins of the ſun bruiſed, and mixed with water; and did not exhanſt 
Neaſe, rarfins, Ee air. 
e e, Towards evening, the mereury had mounted to twelve inches ; burg | 
great part of that air was produced from the rains, not from the peaſe. 


June 23. The height of the mercury was forty-nine, June 


Aud nut. Kernels. 
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une 247 The height f 75 | June 26 J The height F go WN 
a 25 KKR 5 ag 8 100 9 
The peaſe ſweat, as it were, and grew yellow. | 
June 30. The height of the mercury was one hundred and ten. 
July 1. The mercury aſcended not, yet no air eſcaped. 
July 4. The height of the _— was one hundred and twenty-four. 
July 7. The height of it was one hundred and forty. | 
July 10. The height remain'd the | ſame, but the liquor, which diftilfd 
from the peaſe, got out. 
July 12. New liquor was produc d from the peaſe; but the mercury con- 
tinu'd at the ſame height. 
July 13. The liquor got out of the receiver, and ſome air belides ; 
whereupon I ſet the ſcrew, and new liquor, being in a ſhort time collected, 
fortify d the cover within. | 
July 15. The receiver was broken in pieces; but the peaſe, being ſofter 
than ordinary, were eaſily ſtript of their husks, as if they had been par- 
boil'd; but they kept their ordinary taſte. 
(105.) Sept. 15.1676. I put unripe plumbs into an exhauſted receiver ; L. Abe is 
and before the receiver could be guarded againſt the external air, the mer= * 
aſcended an inch. 
"pe 16. In twenty-four hours time, the mercury ran up five inches, and 
its height was ſix. | | 
Sept. 17. The height of the mercury was eight. 


Sept. 18 10 | Sept. 23 18 
1906 The height 972 246 The height 919 
20k of it was 14 266 of it was 23 


22 18 28 26 
Octob. 1. The height of the mercury was thirty. | 
Octob. 4. The _— — it was thirt —5 the weather ſome what cold. 
b. ight Octob. 
1 5 c 5 52 [ N rte height was 332 


of it was 33 
Octob. 15. For theſe two laſt days, the cold being abated, the mercury 
aſcended ſwifter; its height was thirty-ſeven. N: 
Ottob. 17 38 | Offob. 29 45 
19 The height 939 r | Nov. 26 The height 946 
22 of it was 947 5 of it was 947 
26 43 20 53 


In this experiment, the air ſeems to be produc'd ſometimes regularly, and 
at others irre ly... 5 | | | 
Tos.) July 6. 1676. T put goosberries into an exhauſted receiver; but1s Ge 
ore we could prevent the entrance of the external air, it had impell d the in ve 
mercury half an inch; and, afterwards, in half an hour, the air, produ- 
ced from the goosberries, impall'd it another half inch. | 
In ſeven hours time, the mercury aſcended four inches higher; and 
. IN | | 
1 7. In fourteen hours, the aſcent of the mercury ene 


614 Phyſpee-mechanical Experiments. 
Puzuzcarics. In ro hours, the aſcent of it was 2 =: M941 
July 8; In 14 hours, the aſcent of the mercury was 1 +, 


* * 
7 


In 10 hours, the aſcent was 2. IR 
July 9. In 14 hours the aſcent of the mercury was 2 2. 
In 10 hours its aſcent was 1 +. he wh r 
July 10. In 14 hours the aſcent of it was 1x. 
In 10 hours the aſcent of it was z oi 9 
Juh 11. In 24 hours, the aſcent of the mercury was 4. 
July 12. In 24 hours, the aſcent was 4. 
No the mercury was brought to its wonted preſſure. / - _ 
July 13. In the morning, I found the cover broken; and . becauſe it 
was faſtned by a ſcrew, to prevent its being ſever'd from the receiver, 
TI ſuſpected this happen d from the internal air. I ſubſtituted another co- 
ver in its ſtead. | f | 
Jh 14, 15, 16, 17, 18. I perceived no change in the height of the mer- 
cury, becauſe the cover was not exactly cloſed ; and therefore I took out the 
fruit, and put part into another evacuated receiver, and the reſt I top'd 
up cloſely with common air, that nothing might get out. 
In 4 hours, the mercury aſcended 4 inches. 
July 19. In 14 hours, the aſcent of the mercury was 11; but, ſuſpe&- 
ing the air to have eſcaped, I ſet the ſcrew. 
In 9 hours, the aſcent of the mercury was 11 inches. 
The cover broke, and the air eſcaped. Midi 15 
This experiment ſeems to prove, that goosberries contain much air, 
which, as ſoon as it is freed from the wonted preſſure of the air, more 
readily breaks out, than when reſtrained by — ambient air, till the 
goosberries begin to ferment; for then air is produced in a far larger 
quantity, tho the compreſſure be greater | 
Is pafte in va. 1117.) July 8. 1676. I included paſte in an exhauſted receiver; and, 
2 ore it was guarded againſt the external air, the mercury was come to 
the height of three inches; the air making an irruption from without: 
whence the paſte, which was much ſwollen, - loſt about the third part of 
its tum . x | 
A little 5 after, it ſwell'd again; and, within half an hour, the 
mercury mounted higher by two inches. 
In one hour's time, the aſcent of the mercury was two and a half; 
and the paſte continued to ſwell. OS. ALY 
bag another hour, the aſcent of the mercury was. three inches and a 
In an hour more, the aſcent of it was four inches and a half; and it 
_ "reſted at ſixteen. goon ae / as 1 een 
July 9. In fourteen hours ſpace, the aſcent of it was twenty-one in- 
ches, and the height of the mercury thirty-ſeven. I ſuſpected that ſome 
air had got out. When I ſet the ſcrew, the cover broke; and, upon 
admiſſion of the external air, the paſte, which always roſe, now abated 


. about two inches of ity tumidity; though it was leſs compreſſed . 


before 
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In five hours, the aſcent of the mercury was. fifteen. inches. PuroxatIOn 
But, when I again endeavour'd to ſet the ſcrew, the cover broke, fo Wo 


that the air eſcaped ; and the paſte was preſently ſomewhat depreſſed. 
In four hours, the aſcent of the mercury was ten inches: the paſte a- 
in ſwell'd, as before; but, being willing to ſubſtitute a better ſcrew, 
1 rmitted the air to enter; yet the paſte did not now ſubſide, as 
ore. 71 . 
July 10. This night the paſte roſe again; yet it ſeemed to have pro- 
duced no air. 
In four hours there was no aſcent of the mercury. 
In ſeven hours, the. aſcent of it was four inches. 
July 12. I perceived no aſcent of the mercury. 
13. It ſeemed to have aſcended a little. 
17. Seeing no more air produced, I took out the paſte, and found 
| it to have a fouriſh Fell 
This experiment ſeems to prove, that air may be produced out of 
paſte, in . air, as well as in vacuo. | 
But the paſte was twice depreſſed, becauſe the compreſſed air, ſudden- 
ly finding a way to eſcape, was dilated ;_ as happens in ſprings, when 
carried beyond their point of reſt : but, when that air was immediately 
repell'd by the external air, the paſte pitch'd, and was depreſs'd. 


(108.) Fuly 13. 1677 I included ſome horſe-beans in vacuo, with water; Is beans in vas 


hon, thoſe which were bruiſed, ſeemed to ſwell much; but thoſe which 


were left whole, ſuffer d no ſenſible alteration. - 
In two hours ſpace, I ſaw no air produced, tho the beans continued 


to ſwell. 
July 14. In twenty- four hours, the aſcent of the mercury was ſeven 


inches. 


7.55 55 In ſixteen hours, the aſcent of the mercury was three inches 
and a half. 
In eight hours, the aſcent of it was one and a half; the height of it twelve. 

Fuly 16. In fourteen hours, the aſcent of it was three. 

17. In twenty-lix hours, the aſcent of it was ſix. 
18. In twenty; four hours, the aſcent of the mercury was almoſt nine. 

19. I ſtoppd the receiver firmly with a ſcrew, becauſe the air had 
Th got out. In nine hours the aſcent was one inch. 
20. In twenty-four hours, the aſcent was three and a half. 
21. In twenty-four hours, the aſcent was five and a half. 
22, In fourteen hours, the aſcent of the mercury was two. 
23. In twenty-four hours the aſcent of the mercury was eighteen. 
24. In fourteen hours, the aſcent of the mercuxy was almoſt 

five. The height of it thirty-five above the wonted preſſure. 


25. The receiver could not ſuſtain a greater preſſure. I found the 


beans of a fetid ſmell, not much unlike that of putrefied fleſh, 
Hence it ſeems to follow, that beans contain much air, and that it is pro- 
duc'd in a moderate preſſure, as well as in vacuo; ſomerimes more fudden- 


ly, 
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Fenris. ly, ſometimes more lowly. But, eſpecially, that great inequality, which 
EY Leeren d Fuly 23, is — 8 Ran 
I» goocberries (log.) July 23. I included rries in an exhauſted receiver, and 
* guarded them very well againſt the external air. | 
In two hours, the mercury aſcended one inch. 
July 24. The height of the mercury was ſeven inches and a half. 
July 25 7 height F 12 | Joh 27 3. The heighr 72 
| 26 J of it was T 17 238 Jof it was 4 24 
July 29. The height of it was almoſt 30. | 
30. The height of it was almoſt 31. I tranſmitted ſome air out 
of this receiver, into another evacuated receiver; and the height 
of the mercury was 2. 
31. The height of the mercury was 375. | 
Auguſt 1. The height of the mercury was 39. But ſome air had eſca- 
ped ; and going to ſtop the receiver cloſe, I ſuffer d more air to get out. 
The height of the mercury was 30. | 
Aug. 2. The height of the mercury was 39. I tranſmitted ſome air 
into another receiver. | | 
The height of the mercury was 31. 
Aug. 3. The height of the mercury was 39. 
4. The height of the mercury was 41. 5 
5. The height of the mercury was 43. I tranſmitted the air in- 
to another receiver. 
The height of the mercury was thirty inches. 
6. The height of the mercury was 43. 
7. The height thereof was 47. n 
8. The height thereof was 48. But the air being tranſmitted 
into another receiver, the height of it was 36. | 


9. The height of the mercury was 41, in fourteen hours. | 
Ang. 10. The height of the mercury was 47; the air being tranſmitted 
into another receiver, the height of it was 35, in twenty- 

four hours. 
11. The height of the mercury was 38 and a half, in fourteen hours. 
12. The height of the mercury was 42, in twenty-four hours. I 
eenxtracted the air, and the height of the mercury was 26. 
13. The height of the mercury was 33, in twenty-four hours. 


14 36 17 44 
I * height of it 5 39 bas I Fr height wed 985 
16) 5 41 2 10 


3 19 
tranſmitted the air into another receiver; and the mercurial gage was 
ſpoiled. | I took out the goosberries, and found they had loſt their colour, 
and almoſt all their acidity. | 
From hence we may 2 that goosberries produce their air regularly, 
unleſs ſomething be extracted out of the receiver ; for then they acquire 
a power to produce new air more ſpeedily. 105 

* 110. 


a 
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We 10.) pon 12. I put crude grapes into an exhauſted receiver; but be- es, 
fore they be fenced — — he; 6d thwch had got in as Cd >= 


ans three — of mercury. 


Sept. 13 5 
14 > The height of it 5 
16 17 
* 22. The height of the mercury was 30. I ſtopped the receiver 
with a ſcrew. | 
23. The height of the mercury was about 30 and a half. 
24. The height thereof was 32. 


Sept. 26 34 + | Offob. 2 39 7 
27 2 3 + 39 2 
28 988 36 + Y 9 40 * 
— it was 31 7 it was 91 2 
30 37 * 9 41 * 


Of. 15. The height of the mercury was 46. It aſcended chiefly on 
theſe two laſt days, when the froſt was diſſolved. ; 

Nov. 2. The het ght of the mercury was 54. 

5. The he = was 58. 

Jan. 10. 1677. Te mercury was come to the height of 70 inches; 
yet I perceived no ſenſible change in the mercurial gage, even when the 
cold was ſharpeſt ; tho? the grapes and their juice were turn'd to ice. 

September 21. Hitherto the grapes ſeemed not alter d; but the mercu- 
22 aſcended a little, becauſe the air found a paſſage out. I open d 

receiver, and when the air —— forth, many — the grapes — 
to be wrinkled. The grapes had kept their taſte, but it was much more 
pungent : the juice continued = of a curious red colour. 

his experiment ſeems to 1 
air, but in a long tract of time. 


rm us, that grapes produce not all their 
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(211) Auguſt 10. 1677. rr 


ceiver. Towards evening the mercury was _ ten inches. 


Aug. 11 57 
N E eg wed 
14 
The air baing tranſmitted into — receiver, the height of the mer» 
cury remained at 53 and a half. 
Aug. 157 The height Aug. 7} The height £70 | 


of it was of it was {£72 


The air being tranſmitted — Ae receiver, the mercury remain- 


3 61. 
—_—_ N 1 ig: $79 
of it was n | 
med e er eee 
cury was 61, | 
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N Ag. 26. The height of the mercury was 56. Some air having got 
WY out, I tranſmitted the reſt into another receiver, and the mercury — 


0 


at 52. 45 
Aug; 27 ; 60 Aug. 30 4 83 
28 The height of it was 3 68 31 >The height was 88 
"aqy-. | 75 Sept. 1 | 93 


Septemb. 2. The height of it was 100. 
Sept. 3. The height of it was 89; ſome air having eſcaped, which 
made me cautious to prevent the like for the future. 
Sept. 4. The height of the mercury was 100. 
5. The ſame height continued. 
7. The ſame height ftill continued, tho' no air eſcaped. 
9. The height of the mercury was 107. 
10. The height of the mercury was the ſame... , 


The air being tranſmitted into another receiver, the mercury reſted 
at 99. | ; 


Sept. 11. The mercury moved not. 
13. The height of the mercury was 105. 


October 8. I found that the air had got out. 
: This experiment ſeems to inform us, that pears produce their air by 
ts. 
Miſeellaneoxs (1 12.) March 16. I melted down lead, with a fire, in a-braſs veſſel, whoſe 
il diameter was an inch and half; but before the lead was concreted by 
aud tis cooled cold, I put it into a receiver, out of which I ſuddenly exhauſted the air; 
in vacus. whence the figure of the lead was concave, and the parts of it the more 
depreſſed, nearer the center : but lead, congealed in common air, exhibits a 
convex figure, except in the middle, where there 1s a little cavity. 
I made the ſame experiment on tin, with the ſame ſucceſs ; and tho 
both metals being fluid, and very hot, had remained long in vacuo, yet no 
bubbles ſeemed to rife from either; but all other hot liquors ſeem to 
yew 5 4 in _ 9 8 
( 13.) Sept. 2. J put water, ſaturated with falt, in vacuo; to try whether 
— it . 1 Cherie into cryſtals, and the ſalt be carried above the 
fuperficies of the water, as happens in the free air. 
Sept. 15. The water, with the diſſolved ſalt, abiding in the ſame ftate, 
I operi'd the receiver; and, as no 4 could eſcape, tis reaſonable to 
| judge, that the ſalt could not there be converted into cryſtals. 
The ar eg. (114) Arguſt 8. 1676. =o air produced from goosberries, into an 
berries in cus. eyacuated receiver, furniſhed with a mercurial gage. | 
March 1. 1675. I perceived no change. in the height of the mercury, 


and therefore, open'd the reeciver. | 
(1150 Auguſt 8. I took a vial, able to hold ſeven ounces, five drams, 


Sn 7 and three grains of water, and exhauſted the air out of it; and, when, 
+. wt in a balance, it was ſuſpended in equilibrium, with another weight, 1 
5 | - » pierce 


 Phyſico-mechanical Experiments. 
Fl being ld with air, appear'd heavier by four grains and a half; which 
latter weight to the former, is as 1 to 814: whence it follows, that water 
is about, at leaſt, 800 times more ponderous than air of an equal bulk. 
This day was hot and clear; and ſome air is always left in the receivers 
after exhauſtion. | 


erced the bladder which cover d the orifice, with a needle; and then, the PrzuxcariCE, 


(116) Far. 16. 1677. I put Aqua fortis, with fixed nitre, into a re- Aqua fortis, 
ceiver ; and, having exhauſted the air as much as I could, poured one of ans Sdd altes 
them on the other, and found much air produced. I marked the height 


of the mercury in the gage. 

March 5. Finding the produced air was not deftroy'd, and that the 
mercury perſiſted at the ſame height, I open'd the receiver, and found 
nitre produced in vacuo from the mixture. 


(117.) May 12. 1677. I fill'd a long and very narrow-neck'd vial, 1 


with oil, up to the middle of the neck, and put it into a receiver, firmly 
ſtopp'd by the help of a ſcrew ; into which, I afterwards intruded air, 
till it ſuſtain'd 120 inches of mercury above its wonted height. The oil, 
in the neck of the vial, appear d depreſſed about a quarter of an inch; 
the cauſe whereof I judg'd to be the compreſſure of the air: but, having 
eaſed the ſcrew, and thereby ſuffer'd the air to break in, and be dilated, 
the oil did not aſcend at all; ſo that, I ſuppoſe, it was condenſed only by cold. 

' Auguſt 5. I made the ſame experiment, after the ſame manner, uſing 
water inſtead of oil; yet could perceive no change of the height of the 
water in the neck of the mm thoꝰ the heat, being moderate, might have 
produced a ſenſible effect. 

Jan. 14. 1678. Finding, by ſome experiments, that compreſſed air en- 
ters into the pores of the water, and pierces even to the bottom, a ſuſpicion 
might ariſe, that the water was not condenſed by the compreſſed air, becauſe 
the air entring into the pores, made the preſſure within equal to that from 
without; I, therefore, filled the aboveſaid glaſs with ſpirit of wine; 
leaving only the length of three inches in the top of the neck thereof, which 
was filled with air only. Then applying my hands to the glaſs, the ſpirit 
of wine, being heated, ſoon filled the whole neck to the top. 'The glaſs 
hang now inverted into a veſlel of mercury, I removed my hands, when 
the ſpirit of wine being ſoon cooled, ſuffer d the mercury to poſſeſs three in- 
ches in height. I put the veſſel, and the glaſs, in that poſture into a re- 
ceiver, and afterwards compreſſed the air therein, till the mercury ex- 
ceeded its wonted height 90 inches; yet there was no ſenſible condenſa- 
tion of the ſpirit of wine, nor any aſcent of the mercury: however, it is 
certain, that no air DC in, becauſe the mercury hinder'd it ; and 
the receiver being open d, when the air, that compreſſed from without, was 
dilated, no bubbles appear d in the ſpirit of wine. 

Here it ſeems worth enquiring, how the ſpirit of wine was ſo ſenſibly 
. by a moderate cold, and not at all by a great compreſſure of 
the air. = | 1 


"Erith a " "oa 


ſpirit of wine, in 
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Punyxarics.. (118.) May ka. 1676. I poured ſpirit of wine into a glaſs veſſel; and 
LO added ſome drops of oil of — thereto, which ſwimming the 
2 ſpirit of wine, to be there whirl'd about. I put the glaſs veſſel 
FJentinein vacuo: on the pneumatic engine, and cover d it with a receiver; yet the bubbles 
did pot at all ceaſe to move up and down. Then I pump d out ſome of 
the air; when, the bubbles, emerging from the ſpirit of wine, adhered 
to the drops of oil, and carried them to the ales of the veſſel, and 
there detained them; yet two drops, free from ſuch bubbles, proceeded 
to have a further motion. Afterwards, I wholly exhauſted the receiver, 
and ſome drops roſe to the top thereof, by the force of the bubbling ſpi- 
Tit of wine; bat the remaining drops continued to be moved a little, 
and ſoon. after reſted. The air being admitted, the drops began again 
to renew their motion, but it was flow, and quickly ceaſed. | 
I repeated the experiment with ſpirit of wine, and oil of turpentine, 
purged from air; and no ebullition was then made, nor did any bubble 
x ads but the drops of the oil of turpentine were moved in vacuo, as in 
the open air. | 
Hence, it ſeems to follow, that the cauſe of the motion of the drops, 
is not owing to the diſſolution; for all diſſolutions in vacuo, have, hitherto, . 
ſeemed to me, to produce bubbles. 
Nb and (119.) May 19.1676. Yeſterday Ilefttwo radiſhes iz vacuo, one of them hang- 
elaret in ucuo. ing with the root downwards, the other in a contrary poſture ; and both cut 
tranſverſiy, reſted over a veſſel, which contain d red wine. Theſe remaining 
For a whole night in vacuo, ſeem'd well purged of their air. Opening the 
receiver, I added two other radiſhes to the former, cut after the man- 
ner, having firſt taken off their thick skin. Then exhauſting the receiver, I 
immerg d the cut part of all the radiſhes, at once, into the ſubjacent wine; 
upon which, many bubbles ſeem'd to ariſe from them: and more bubbles 
proceeded from thoſe radiſhes which were 2 air, for a whole night, 
than from thoſe which r 7e half an hour in vacuo, 
with their skins off. | 
Hence bubbles ſeem to be formed of particles of air, ſwimming in wa- 
ter ; and becauſe, in the 8 canals, fit to retain parts of 
air, the peeled radiſhes afforded no opportunity for the formation of ſo 
We 171 1 4 9862-4 Mid tn T 
Ihe liquor aſcended no leſs into thoſe radiſhes which hung with their 
4 fall gl 3 1 _—_ ah ls go ng A 
1% (120.) May 4. 1676. IJ immerged one en a n glaſs tube, 
> ee. into water ſtagnant in vacuo, and preſently the water nded up into 
fon of ig it, as uſual in common air, and to the ſame height; but, ſoon after, many bub- 
en in : bles being formed there, raiſed the water higher, and kept it ſuſpended 
28 in three different places, intereepted by many bubbles; and ſeveral other 
bubbles ſeemed to paſs out from the end immerſed in water. 
hen ſealing the other end of the tube hermetically, and making the ex- 
periment in common air, the water aſcended not up into the tube at the 
open end. But, in vacuo, it aſcended therein, as if it had been * 


(11 


* 
—— 
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both ends; and many bubbles ſuddenly formed, ſeparated the water, Nr 


contained in the tube, to a great diſtance, ' as before: in the mean time, 
many other bubbles ſeemed inceſſantly to paſs out from the end of the 
tube immerſed, tho* they afterwards appear d leſs frequent. 

Bur the water being ſaſpended higher in the tube, ſeemed to contain 
no bubbles, whilſt the end only emitted ſo many. 

Then I took out that end from the water, and no more bubbles ap- 
pear d, tho it was wholly fill'd with a cylinder of water. | 

May 5. I repeated the experiment; but before I had immers'd the end 
of the tube in water, a drop, which ran over from the upper aperture of 
the receiver, flowed down to the open end of the tube, and penetrated 
into it to the height of two lines; and no bubble was formed there in a 
full half hour. I, afterwards, plunged the end of the tube into the wa- 
ter of the veſſel, and bubbles ſoon began to be formed as before; ſome 
of which ſucceeded others within half a minute : but, afterwards, they 
were leſs frequent.. Repeating this experiment, many times, I perceived, 
that when the water was extracted from the tube, no bubbles nn ; 
but if it were immerged in water, ſome would adhere to the end of it, 
either ſaoner or later. 

May 6. 1 made the ſame experiment, with the infuſion of nephritic 
wood, with a like ſucceſs; excepting that the bubbles emerged, and pe- 
netruted the liquor, before they had acquir'd any conſiderable bigneſs : 
whence we may conjecture, that this liquor is very thin, and hath no viſ- 
coſity to reſiſt a pervading body. 

by 10.1 ted the ſame experiment with ſpirit of wine, mixed 
with a certain oil, made per deliquium, but found nothing new; only 
the liquor aſcended not ſo high into the tube. | 

Hence the bubbles ſeem to be formed, at the extremity of the tube, of 
aerial particles, ſwimming in the water; which finding ſome impediment 
ns. cannot paſs by, and ſo, new ones coming upon them, they ſwell 
into in 25 | 


621 


vate. 


(1210 Juh 18. 1676. Two days ago, I took ſome horſe-beans, and in- Hoſebeens and 
them in an iron tube, cloſely er firſt pouring water on the —— 


compreſſed beans, till the tube ſeemed wholly full; to try whether the 
expanſive force of the beans would break the tube. "This day the tube 
feem'd” not to be alter d, but, the ſtopple being loofen'd, ſome air broke 
out, and much water, which was not imbibed by the beans, fell upon 
the ground: then we heard a noiſe, as it were, of bubbling water, for 

July 25. The tube remain'd in the ſame. poſture; but now one of 


ins ends of it being unſtopp d, and ſome beans taken out, the murmut 


of the bubbling water was heard as before. 

From hence it ſeems to follow, that beans contain air, which, in a 
great comprefſure, cannot eſcape ; but breaks out, if freed from che cam- 
TT. CEL oo tv ine 907.0 ] 
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Puzunazicss (122,) March 4. 1677. I put a glaſs; half full of ſpirit of - ſal armo- 
Y.>/niac, and copper filings, into a well exhauſted receiver, and ſtopp'd it 
St of ſal-ar- gan ed . p 
woniac, and cop- Up: in 15. minutes, the liquor had contracted a blue colour, very much 
per Slings 1 dluted ; but, the air being admitted, in three minutes the blue colour 
appeared vivid. and thick. I put the liquor, ſo tinged, again in vacuo, 
to try whether that colour would, in time, yaniſh.,', 
April 4. The blue colour almoſt quite diſappear d, but quickly return'd, 


a* 


upon admiſſion of the air. J | | | | 
A certain ol, (123.) May 8. 1 put a certain oil, made per deliquium, and ſpirit of 
and ſpire f I Wine, into an exhauſted receiver: the ſpirit always ſwam on the top; and, 
leſt. the ſpirit ſhould bubble over the edges of the veſſel, I extracted the 
air, by degrees; when, at firſt, great bubbles aroſe from the ſpirit, and but 
very al ones from the oil; one hour, the oil afforded large bubbles, 
which, from being ſmall at the bottom, fill'd, in their aſcent, the whole 
breadth of their veſſel : and, after another hour, ſome bubbles broke out 
with ſo great force, that they hit againſt the top of the receiver. 
May 9. I repeated the experiment in à glaſs ſomewhat long and nar- 
row, that I might the better perceive the motion of the ; and 
I ſaw the bubbles paſſing out of the oil into the ſpirit of wine, with- 
out any great increaſe of their quantity: but being diſtant only one quar- 
ter of an inch from the ſuperficies, they were ſuddenly expanded. | 
OT I ROO? 5 24.) May 3. 1676. I mixed a quantity of Aqua fortis, with a larger of 
ſpirit of wine, ſpirit of wine; then diſtributed the mixture equally into three glaſs veſſels, and 
end iron in va" put three equal pieces of iron into them, to each veſſel one. This done, 
don air. i included 2 three veſſels in vacuo; and there many great ebul- 
litions were made. In a quarter of an hour I took out the veſſel, and 
found the liquor black and turbid; whilſt the other two veſſels had their liquor 
not alter d in colour; only ſome black powder appear'd at the bottom. 
One of theſe two veſſels I put in vacuo, and there aroſe ebullitions, great 
indeed, but much leſs than the former: in one quarter of an hour, I took out 
the veſſel, and found the liquor black, yet leſs ſo than the former; but that 
which was left always in the air, remain'd, in a manner, unchanged. 
May 4. In the morning, the liquors. in the two veſſels, put in vacuo, ap- 
pear d clear and green, , N 5 F F 
But that in thè open air bubbled more, ſtrongly, than it did yeſterday, 
and was of a red colour. I put the three veſſels together in vacuo, and per- 
ceiy d no remarkable ebullition; only ſome bubbles appear d larger in the 
red liquor, than in the other two.  _ Er; 
From hence it ſeems to follow, that ſpirit of wine accelerates ebullition 
$ 


in vacuo. l N 18. n wo 
n -of fabar- (Iz J.) Jan. 21, 1678, T had a half full of ſpirit of fal armoniac, 
— 8 10 fines of copper, the mouth Tn was ſo exactly ſtopp'd, that the 
blue colour, induced by the external air, now wholly diſappear d. The 
artificial air of | 2 _—_— 
pafte, ſtopple was made of leather, prepar d after a particular manner. | 
This glaſs I ſet in vacuo, with unfermened paſte, that the receiver being 
full of air, from the paſte, I might perforate the leather that ſtoppꝰd = 
(een glas; 


a. tw hs 
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5 and try, whether the contact of the air 9 nerated from Prox rtos · 
— alſo communicate a colour to the liquor. 2 ng: | the paſty 1 

Jan. 22. There was no need to perforate the leather; for I found the li- 
quor already tinged : whence it is probable, that air produc'd from paſte, 
is endud with ſuch minute particles, as to penetrate leather, which is im- 

ervious to common air. | 

Jan. 25. The liquor became almoſt colourleſs ; whence it appears, that 
common air is too thick to penetrate all paſſages, which are pervious to air, 
produc'd from paſte. 

Feb. 2..1 22 the ſame vial in vacuo, but did not cement the receiver to 
the cover; ſo that the air, gradually entring, in twenty-four hours, fill d the 
receiver, as it was leiſurely fill d with the air produc'd from paſte; yet the 
liquor ſtill remain d colourleſs. | 

Feb. 15, I put the ſame glaſs again in vacuo, with ſome quantity 
of paſte ; but, this time, the air produc'd from thence, did not pervade the 
leather, as it had done before, and the liquor was not at all tinged. 

(126.) April 2. 1678. I put a ſhrew- mouſe into the filtrating engine; and, 4 Srew-mauſe 
when I perceiv'd him reduc'd to extremity, I began to ſtir\the pump, that the 2. rs 5% 
air, might be, as it were, filtred thro” the water. The mouſe, a while thro" water. 
after, ſeem'd to be better, yet not wholly reſtor d; and having been long 
kept faſting, I am uncertain, whether he died for want of aliment, or of 


new air. 
April 12. I repeated the experiment with a ſmall weakly mouſe, that 
had been kept a long time without food. And finding the tame ſucceſs as 
before, I took out the mouſe before he was dead, but he recover'd not : 
ſo that more experiments are requir'd, to ſhew the effect of this filtration. 
(127.) May 2. 1678. Six weeks ago, I included frog-ſpawn in three re- vac, common 
ceivers, the firſt of which was exhauſted ; the ſecond contain d common air; 27, and cm: 
and into the third, I intruded ſo much air, that the mercury reſted ſixty _ 
inches above its uſual height. | 
In fifteen days, the mercury in the evacuated receiver roſe an inch. The 
ſpawninthe common air ſeem deorrupted, and of a blackiſh colour; but that in 
the compreſſed air, remain'd unalter d in colour; tho no frogs were generated. 
In a month's time, the ſperm in vacuo had not changed its colour, except- 
ing the black round ſpots; but ſeem'd reduc'd into water : the colour of 
that in the common air was very black, but in the compreſs d air the ſpawn 
began to be reddiſh. be 
As yet, no change was perceiv'd, either in the ſpawn in vacuo, or that 
in the common air; but in the compreſs d air it appear d redder. 
May 22. The ſperm in vacuo was not 3 ; in the compreſs d air it 
remain d red; but in the common air it again became colourieſs. 
June 23. The ſperm in vacuo, and in common air was not tinged, but in 
the compreſs d air it inclin d to green. 
Octob. 15. Ltook the ſpawn from all the veſſels; that kept in vacuo was 
almoſt exhaled out of its veſſel, and appear'd ſtagnant in the receiver, like ö 
clear water: that in the common ai: r mi colourleſs; but that in the 


compreſs d air fill kept its red color 
(828) - 


— 


64 
Lees. (1280 May 9. 1678. Six days ago, I included two pieces of the ſame 
Oranges is 7 Orange in two receivers, not quite of equal bigneſs; in the greater, there 
9799-4, with was eſt ſome quantity of water, ſo that the ſame ſpace remain'd for the 
„ in that, as in the leſs. The orange included with water, tho it were not 
| touchd by it, was four times more mouldy, than that kept without 
water. FO | 
And, therefore, in repeating this 1 put two pieces of t he 
fame orange into two receivers; but fll'd the third part of one of t hem 
with water, ſo, that it did not reach the orange. | 
; Fon 15. Neither of the pieces had contracted any mouldineſs. 
May 16. I repeated the experiment with the fame ſacceſs; only, neither 
orange had acquired any mouldinefs in the ſpace of more than a month; 
tho', in former experiments, all ſuch oranges grew mouldy. 
N cauſe of the difference, ſeems to be — particular di ſpoſition of 
alr. 
Turpentive io (129.) June 1. 1678. I put a ſmall glaſs tube, half full of Venice tur- 
— pentine, into our wind-gun; and had ſcarce redue'd the air to the tenth 
parr of its wonted ſpace, but the leather, ſpread over the all valve, 
was driven out; fo that, the air having efcap'd, I drew the glats-tube out 
of the engine, and found many bubbles formed in the ſuperficies of the 
turpentine. I, therefore, ſuſpected, that the air had pervaded the 
tine; and that it would have penetrated deeper into it, if they had remain'd 
longer thus inclos'd together. I plac'd the ſame tube in the ſame gun, 
ind chere left it in air reduc'd to about the fifteenth part of its natural ſpace. 
June 3. I open d the engine, and, taking out the tube, found the tur- 
pentine almoſt free from bubbles; yet, by degrees, many were formed 
therein, in the parts remote from the ſuperficies. 
June 4. I put new turpentine into the ſame tube, and included it in vacuo, 
that it might be the better purged of air; then I pour d the water upon it, 
and ſhut up all in the wind-gun. 
June 8. 'd the engine, and, at firſt ſight, both the water and the 
tine in the tube, ſeem d to be very free from bubbles; but ſoon after 1 
perceiv'd, that bubbles were form'd in the turpentine, and that they aſ- 
cended by degrees: ſome of them feem'd to be made, almoſt at the ve- 
bottom, abont half an inch below the ſaperficies of the turpentine. 
Whence we may conjecture, that all the water, and ſo an height of 
the turpentine, were pervaded by the air, which formed thoſe bubbles. 
A of ſal-ar- (130.) Auguſt 11.1678. I included ſpirit of fal-armoniac, with a mer- 
be ling: in curial gage, in vacuo; and after the ſpirit ceas d to emit any bubbles, 
Vacuo, I mix'd copper-filings therewith, which caus d many bubbles to riſe again; 
but they were fo far from producing any air, that they conſum d what was 
there before. But the liquor became greeniſh and turbid. 0 
ſon of 


Decemb. 5, The ſpirit was almoſt all exhaled out of the containing 
and, being condens'd in the receiver, remain'd fill turbid, by rea 
much filth, which was included there: but that which was not exhaled out 

of the vellel, appear d clear like water. The mercury, allo, was whaly 


n 


— * — 
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d out of the gage. Whenge I conjecture, that the air in the receiver, PuzUnATICE. 


was gradually more conſumed. : 

(131.) Sept. 2. 1678. I put two cylinders, one of tin, the other of lead, Cytinders of tis 
in vacus'; their loweſt parts were immerſed in mercury; and, at the ſame 2% #44 immer 
time, I immerſed two other cylinders, like the former, after the ſame in vacuo, and 
manner in mercury : but theſe latter were left in the free air. 3 

Sept. 6. I open d the exhauſted receiver, and the mercury in the tin cy- 
linder was riſen four inches and a half, above the ſuperficies of the ſtag- 
nant mercury; and cutting the cylinder tranſverſly, in the middle of that 
height, the amalgam ſeem'd to have penetrated into the cylinder, about half 
a line. And cutting the cylinder tranſvetſly again, in that part, which 
was diſtant only one inch, from the ſuperficies of the ſtagnant mercury, I 
found the thickneſs of the amalgam equal to one line. 

In the lead-cylinder, the mercury roſe two inches and a half; but, only 
as far as the ſuperficies; and the very part, immerſed in the mercury, 
was not penetrated by it, to any ſenſible thickneſs. 

Sept. 7. I took the tin-cylinder left in the air, out of the mercury, in 
which it was immerſed, and found the mercury to have aſcended to the 
height of five inches. 

Sept. 10. The ſame cylinder being left in the mercury, ſeem'd to be be- 
ſmeared therewith to the very top, ſix inches, and more, above the ſuper- 
ficies of the ſtagnant mercury. When the cylinder was tranſverſly cut in 
ſeveral places, the mercury appear'd to have pierc'd the deeper into the tin, 
the nearer it came to the ſtagnant mercury; ſo that in the part adjacent to 
the mercury, almoſt the whole diameter of the cylinder, three lines broad, 
was penetrated thereby. | 

In the lead-cylinder, the mercury exceeded not the height of three inch- 
es and a half; neither had it penetrated to any ſenſible thickneſs. Whence 
it appears, that the weight of the air, contributes little or nothing to the 
aſcent of mercury into metals. | 

(132.) Decemb. 12.1678. I took a ſmall Whiting, and having cut off his 4 whiting inclu- 
head, divided him tranſverſly into five pieces; the firſt whereof, I included 5, vm 
iu vacuo. The ſecond in common air. The third in air ſo compreſs'd, as is -- 
to ſuſtain mercury fifty inches above its wonted height. Theſe three re- a 75 
ceivers were cloſed with ſcrews. The fourth piece was put into a receiver, left in the gen 
full of air, produc'd from paſte, which was preſently ſtopp'd. The fifth" 
was left in the free air. | 

Decemb. 15. In the morning, that part of the whiting, which was left in 
the, free air, began to ſhine; and, towards evening, it gave a more vivid 
light. | 
bs 16. In the morning, the whiting left in the free air, ceas'd to 
ſhine ; but towards evening ſhone again. 

Decemb. 17. This morning, the — part of the whiting ſhone a little, 


yet leſs than yeſterday in the evening. 
Vol. II. LIII Decemb. 


—— —— — 


— 
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Pappnaricr.., Decemb. 18. In the morning, there appear d no light, tho I long fix my 
eyes upon the receiver in a dark place; but the night coming on, the light 
appear d again. | 

Decemb. 20. Hitherto the ſame part of the whiting left in the air, conti- 
nued to ſhine ; bur all the other parts did not yet begin to do ſo. 

Decemb. 22. Yeſterday, the light of the whiting, left in the air, had not 
quite ceas'd, but this day it appear'd no more. 

Decemb. 24. The part of the whiting in the free air, entirely gave over 
ſhining; that included in common air, did, yeſterday, yield a faint 
light; but this day it ſhone no more. 

Decemb. 26. No more light appear'd in that in the common air: but 
the three other pieces did not begin to ſhine. 

Jan. 26. 1679. I perceiv'd no more ſhining in any one of the receivers. 

46 45 (133-) Ang. 3. 1677. I tranſmitted air, produc'd from cherries, into a 
Are d; and receiver full of common air, but fo ftopp'd with a ſcrew, that the mercu- 
Set thats ry aſcended to twenty-five inches above its uſual. height. 

aimed into „ Aug. 4. The mercury was depreſs d about two inches. The height of it, 
——_ 4. of this day, was only twenty-three. | 

Aug. 6. The height thereof was reduced to twenty. 
Aug. 7. The height thereof the ſame. 
Ang. 8. The mercury was ſomewhat depreſs'd. 

Aug. 10. The height of it was nineteen and a half, above its. uſual ſtan- 
dard: and perceiving little or no alteration,” I open'd the receiver. 

Hence we have a confirmation, that air, produc'd from fruits, at the 
beginning, is in part deſtroy d; but, that the reſt can very long retain the 
ils I put f of fal 

(134 26. 1676. t ſix grains - armoniac into a receiver, 

E Ji di with a ſufficient quantity rer being exhauſted, I 

of vitro, ia we forc'd down the falt into the oil; whereupon, a great ebullition preſently 
follow d, and the mercury aſcended in the gage, almoſt to its wonted height; 
but r after it ſunk again, and return d to irs former ſtate. 

M 27. I repeated the experiment; the ſalt remaining ten hours in va- 
quo, before it was put into the oil; but the ebullition proceeded as before; 
yet, the air was produced much more ſlowly, nor could it wholly be de- 

ſtroy d, in ſeven or eight hours time; yet at laſt the mercury deſcended. 
to the very bottom. 6 | 

May 29. I made the ſame experiment again ; leaving the materials for 

twenty-four hours in vacuo: the ebullition ſeem'd much leſs, and the air 
was produc d, both in a leſs quantity, and more lowly than before. I ob- 
ſerv'd alſo, that whilſt the materials remain'd in vacuo, before their mixture, 
the mercury came nearer to the open end of the gage, as if ſome air had been 

either extracted or deſtroy d. | | 15, 24h 
had of oitof June 8. I put oiL of vitriol, alone, into a receiver, in which, I left only a 
Auel with « fifth part of common air; to try, whether this oil, without ſal-armoniac, 
Sfp would diminiſh the elaſtic force of the air: but the force of the air was 
increas'd, and the mercury in one hour's. time ſeem d to have a 
h dtle 


F, 
* 
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N little into the ; tho, afterwards, for twenty-four hours no change rn ie 
N hap en'd * Bage ! p 14 8 1 
his experiment ſhews, that ſome artificial air may be deftroy'd ; but 
why this deſtruction happens, ſometimes ſooner, ſometimes later, deſerves 
a further enquiry. 


(135+) July 10. 1676. I put paſte, made two days before, and now 75, Ant .. 

wn ſouriſh, into a 3 and ſtopp d it firmly aich a ſcrew. levity . 
In one hour, the height of the mercury was one inch. in — — 
In ſeven hours, the height of it was fix. in common air, 
July 11. The height of it was eleven. — 
July 12. The height of the mercury was twenty- four. * 


July 13. The height thereof was thirty. 

July 14. The height of the mercury was ſenſibly greater. 

July 15. The mercury aſcended a little. Meaſuring its height exactly, 

I found it thirty-eight inches. 

July 19. No more air was produc'd from the paſte. 

July 10.4676. I put another quantity of the ſame paſte, much leſs than 5, f, ;, 
the former, into an exhauſted receiver. vacue. 

Tho the quantity of the paſte was leſs, yet, in one hour's time, the 
height of the mercury was two inches. | 

ſeven hours, the mercury came almoſt to the top of the gage; but it 
was a ſhort one. 

July 19. The paſte was not able to move the receiver from its cover; 
tho, at the beoinning, it had produc'd a greater quantity of air, than the 

ſte in common air. I endeavour d to fire it with a burning-glaſs, and 
the fumes, elevated therefrom, afterwards falling upon the paſte, tinged the 
ſuperficies thereof, with a pleaſant yellow colour: and that air was thus 
penn I conjectur'd, becauſe the cover was afterwards eaſily ſever d 

its receiver. 

Hence we learn, that air is ſometimes generated much more eaſily in 
_ = in common air. 5 m 4 

136.) Auguſt 20, 1676. I put paſte, for 24 hours, in a receiver 
full of common air; to which 1 added new air, ſo that the mercury ex 
ceeded its wonted height, four inches, and à half. a 

In ſix hours, the mercury gained almoſt 4 inches; and its height was 8. 

Aug. 21. The aſcent of the mercury was 4 and +. 

Aug. 22. The aſcent of it was about 1. 

23. The aſcent of it was half an inch: 

26. For three whole days, the aſcent of the mercury was only half 
an inch. * 

27. There was no aſcent of it at all. 

209. The paſte, taken out of the receiver, ſmelt acid. 

Auguſt 20. I put another quantity of the ſame paſte into an exhauſted 
receiver, and obſerv d ef foportiot between the quantity of the 
paſte, and the capacity of the veſſel, as in the former experiment. 
The mercury preſently {cerned to have aſtended. Its height was two 
mches LIII2 | Aug. 


625  - Phyſico-mechanical Experiments. 


unrl. Aug. 21. The aſcent of the mercury was 5. 
(6 & 22. The aſcent of ic was 3. 

23. The aſcent of the mercury was 1. 

26. For three whole days, the aſcent of it was 2. 

27. There was no aſcent of the mercury. in Pt 

29. I took out the paſte, exhauſted of its air, from the receiver. 

This experiment farther confirms, that air is, ſometimes, more eaſily pro- 

duced in vacuo, than in common air. 


Filderdkernets (137.) Sept. 4. 1677. I put the kernels of filberds into an exhauſted re- 


ceiver. 
Sept 5. The height of the mercury was 5 inches. 
Sept. 6 10 | Sept. 11 18 
70 The height 210 120 The height 9232 
8 of it was 12 + "By of it was 27 
| 14 29 


9 15 
Sept. 15. The height of it was almoſt the ſame. 
17. The height of it was 30. 
18. This day the air began to get out of the receiver ; for ſome 
bubbles appear d in the turpentine, which cloſed the juncture 
of the receiver, and cover. 
Bed Slerd-ter (138.) September 4. I put kernels of filberds into a receiver with common 
"can; alr. | | 


Ar. 
In the afternoon, the quantity of air ſeemed to be leſſen'd. 
Sept. 5. The height of the mercury was leſs than half an inch. 
9. The height of it was the ſame. 
7. 'The height of it was 1 inch. 
8. The ſame height continued. 
138. 'The ſame height continued. 6 bc 
This experiment confirms, that ſometimes air is produced much more 
eaſily in vacuo, than in common air. 
Raiſins with (139.) September 15. 1677. I included 8 ounces of raiſins of the ſun, 
mater in va. hruiſed and diluted with a little water, in an exhauſted receiver, able to 
hold 22 ounces of that fluid. Fat | 
Sept. 16. The height of the mercury was fix, inches. 
- Sept, 17 ? The height 1 10 Sept. 29T The height | 
18 of it was ann of it was 2T 29 
Sept. 2 1. This day I found the receiver forced from its cover. | 
Sept. 24. J took out ſome of the raiſins ; but thoſe that remain'd, I en- 
cloſed in the ſame evacuated receiver. bes) 99 1 
Sept. 25. The raiſins forced the receiver, now full of air, from its cover. 
bod raifins with September 15. 1677. J put 8 ounces of raiſins of the ſun, bruiſed and di- 
vate iv luted with a little water, into a receiver, able to hold 22 ounces of water; 
* but did not exhauſt the air at all. | 


Ser. 16. The mercury was three quarters of an inch above its uſual 


17. The height of the mer ry was 1 and a half. 
18. The height of it $a Spe 


een 4 9 
Sept. 19 " 11 ears 
dn height of it ems? 5 25 . height 1 93 


21 1 
Permitting the air to break out, many bubbles emerged from the raiſi Ry 
This experiment farther teaches, that air is ſometimes much more eaſily 

produced in vacuo, than in common air. 
(140.) February 17. 1677. J put three onions: into an exhauſted receiver, Onions in vacue | 
Feb. 19. The height of the mercury was one inch. 
21. The aſcent thereof was again 1. The onions were not alter'd. 
25. The whole aſcent of the mercury was 9. The onions not alter d. 
May 4. The onions had yet ſuffer'd no alteration. 
18, Neither were they yet alter'd. 
June 19. I found the receiver forced from its cover, and the onions 
rotten. 
Feb. 17. I incloſed 3 onions in air, ſo rarified, that it could ſuſtain only Oni: i in rar 
ten inches of mercury. 
Feb. t9. There was no aſcent of the mercury. 
1. There was yet no aſcent thereof. The onions did not - bands 
"bug contracted a mouldineſs. 
25. The aſcent of the mercury was about 7 inches. 
The onions received no further alteration. 
May 4. The onions were not alter'd. 
18. The onions were not yet alter d; but the receiver, by the foree 
of the produced air, was removed from its cover. 
February 17. I put. 3 onions in a receiver not exactly ſhut. Anas: of 
21. They contracted no mouldineſs, but — ; 
They gradually took root. | 
May 4- The onions began to be mouldy. | | 
This experiment makes it probable,” that ſome bodies produce their 
air not much more eaſily 5#-vacuo, than in rarified air. 
It hence alſo appears, that vegetation is hinder'd, nor only by the eva- 
cuation, but alſo by the rarifaction of the air. 
It likewiſe ves our obſervation, that the onions, as long as their 
roots ſprouted, contracted no mouldineſs. 
(141.) Auguſt 23. 1677. I put bruiſed pears into an exhauſted recei- The aeg 
ver, with a mercurial gage. — i 
Auguſt 25. The height of the mercury was five inches. 


Aug. 26) 10 Ang. — | bs — ws 
27 >The height of it was 414 o The height w 
28 18 * 18 | 


Sept. 1. The height of it was 30. 
2. 'The receiver was forced from the cover. 
Auguſt 23. I put whole pears into an exhauſted receiver; the quantity 4,2 wile pears 
of the pears, and the capacity of the receiver, being the ſame wit tho ein vacuo, 
juſt mention'd. 
Aug. 25. The height of the mercury was 11. 


Aug. 


8 e 
F 


beer SE no highen; — receiver being forced from 
the cw r. 
experimen; bens ro poore;: thas.arpiſed fruits de not produce air 


ſo ſdon as entire ones. 


To an . (142. Aug? 24, Lencloſad whale. apples, 2 wan, 2 * mercurial 


Ang. 260 ' —5 0 3 29) 19 
274 The bo kw zo0The height Was: "= 
he. _ 325 5 
September 1. The height of it was n 2: ” —_— 
2. The height of it was 30. 
3. The: receiver was forced from the cover. 
——— ele, e 24. I put an equal quantity of bruiſed applevents: an evacuated 
receiver, of the ſame capacity with the forme. 
Ag. 25, The:height: af the — inh. 
Ack. . er 71 — | , FAT? 
27. The height of: | 
Sept. 3. The — — Latte: fame height. 
25. The mercury aſcended no. 
This experiment — — that f fruits e a air, 
ſlower than whole ones.. 
r (143.) Auguſt 25. 1677. I. put unripe grapes, bruiſed, into an evacuated 
receiver.. 

Aug. 26. The height of the mercury wasone inch. 

27. The height of it was two inches. | 
28. The doß ir was 2 andi half. | 
.29. The hereof the mercury was the fame. 

Sept. 15. The mercury did not aſcend, but its height remained at ws. 
4 whole a 25. 1677. I put ins untipe- grapes into an Inf re- 
inen ener- 

* The heit — the menonry-was-throe inches ¹ Aw 200 
8 2% Kbe, height of the meroury was ſiube. 

bin Log. 28 T The height 1 7 |. Avg. HF The height & 7 

=P —_ —— ro 10 | of it was 1 

1. The height of the merc was as" 

7 7 The heightof Was 16. 120 
2M. The height of it was 18. 
4. The height of it was the ame 8 
5. The height of the mercury 3 bor almoſt al 
E - rho grapes had con yellow colour. 

Sept. 7. The mercury — , nere, 
. were yellow. | it 


— The height of the mercury was tweney. 


This 


— Experiments. 
This experiment ſhews, that whole fruits produce air more readily a 


bruis d. 
(144-) Sept. 10. 1677. I put two ounces of grapes, not bruisd, into a re- 

ceiver able to hold ten ounces of water. <3 n. 
Sept. 11. Fhe height of the mercury was fix inches. 


* The height 3 of r US The height 92 
15 of it was ou 17 
Sept. 18. The height of the mercury was thirty. The grapes were not 


at all alter'd, 
Sept. 19. The height of the mercury was the ſame. - 
Sept. 20. The receiver was not yet forced from the cover. The grapes 


were not alter d, but appear d only a little riper. 
Sept. 21. The receiver was ford from the cover, tho nothing had 


eſcap d. 
Sept. 22. In the morning, un grapes began to rot; I, therefore, included. 


them again # vacuo. 


Sept. 23. The height of the m was p ve inches. 
Sept. 24 1 pt. 8 | . y20 
I The height 3 G The height 7 7 
17 


” of it was 


Bay 
The receiver was not forc'd from 5 cover, till to-day : 


* colour, ſeem d rotten, yet kept their firmneſs. 
| 10. 1677, I included two cn of ripe, bruis'd grapes i in a re- 4 bruis'4 
ceiver capable of holding ten ounces of water. | — 


Sept. 11 4 Sept. 15 
12 The height of the) 7 2 The height 18 


1j mercury was Jro 1706 of it was J2o 
14 12] 18 [£31 C25 
Sept. 19. The grapes had ſever'd the receiver from the cover, and much 


juice was ſpilt. 
2 t. 20. I again put the ſame grapes into the ſame receiver; but, be- 


e they had ſpilt their juice by ebullition, I did not exhauſt all the air: 
— mercury reſted at the height of five inches. 
Sept. 21. In the morning, the receiver, being now full of air, no 
adher'd to the cover; ſo that I took out the grapes, and tranſmitted them 
into another receiver, which I ftopp'd cloſe with a ſcrew, but extracted 


no air from it. 


Sept. 22. The height of the mercury was eleven inches; tho the receiver 
was able to hold twenty-ſix ounces of water. 
Sept. 23. The height of the mercury was nineteen. 
Sept. 24. The height of it was the ſame. 
Sept. 30. The height of it was twenty. 
:to0b. 3, When the grapes berge. no more air, I ook en and 


found them of a bitter raite g not yet perfectly ripe: 


1 


This 
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6: PEEP AT ICS. , This experiment, compar d with that before related, of unripe grapes, 
4 " ſeems to intimate, that unripe grapes produce leſs air when they are 
bruis d, than when whole ; but that ripe grapes do the contrary, 


 (145-) Nov. 19 1678. I put apples into three evacuated receivers. In 


de inracuo.? the firſt was a ſound apple; in the ſecond an a ple bruis'd, and laid 


ples, in vacuo. 


: 0 14 in the open veſſel ; in the third, was alſo a bruis 
0 


1 | | | apple: and the cover 
this fo fitted the including veſlel, that it ftranly compreſs'd the parts of 


the apple; but in exhauſting the receiver, the air, formed between the 
parts of the apple, expell'd all the juice. 4 of} 


Nov. 21. In the firſt receiver, the height of the mercury was five inches; 
in the ſecond, three; in the third, none. + 


Nu. 23. In che ſirſt receiver, the height of the mercury was ſeven; in 


the two others there was no change. 


_- Decemb..7. In the ſirſt receiver, the height of the mercury was eleven. 


There was no alteration in the other two. ee: 
Jan. 23. The firſt receiver was now ſever'd from its cover, by the 
force of the air produc'd a- new. In the two others there was no air gene- 


rated. | | 


That av is 


unfit 
l 


May 20. 1679. The third receiver was forc'd from its cover; but the 


ſecond had produc'd no air. : 

This riment informs us, that bruis d fruits produce leſs air in vacuo, 
than ſound ones; contrary to what happens in common air. The reaſon 
whereof, may, perhaps, be this, that fruits bruis d are very much rarify'd 
in vacuo ; whence the ſeveral principles, of which they conſiſt, cannot act 
upon one another: but unbruis d fruits, by reaſon of the entireneſs of 


their ambient skin, ſuffer leſs rarifaction. 


(146. July 12. 1678. Iput roſes into two receivers, to be ſtopt with ſcrews. 
One of them contain d common air uncompreſsd; but I intruded ſo much air 


| Sins frews yinto the other, as ſuſtain d the mercury ſixty inches above its wonted height. 


*7vy ofes in common 


2d compreſs'd 
Ar. 


And by tulips 


er- uri. 


Aug. 2. The roſes in the common air, were, four days ago, turn'd yel- 
low, as if they had been wither d; but thoſe in the compreſs d air, kept 
their colour very well. | . 

Feb. to. 1679. Thoſe in the compreſs d air, retain'd their freſh colour. 

This experiment, compar'd with that made, laſt year, with roſes, informs 
us, that the air, at different times, is differently affected; ſo that ſometimes 
it hath a power to hinder corruption, and ſometimes to promote it. - 

(147.) May 22. Fifteen days ago, I included two equal quantities of 
flowers, in two receivers: into one of them, I thruſt ſo much air as ſuſ- 
tain'd the mercury ſixty inches above its wonted height; but in the other, 
I left common air uncompreſs d. The flowers were tulips and lark-ſpurs. 

Since that time no mouldineſs appear d, except, only, that ten days ago, 
one half of the tulip, in the common air, being cut aſunder, ſeem'd ſome- 
what mouldy ; and now the other half of the ſame tulip in compreſs d air, 
k&em'd alſo a little mouldy. | 

Some of the flowers ſeem d as freſh, as when firſt put in; eſpecially thoſe 


June 


in the common air; but in the compreſs d air, they ſeem'd moiſter. 
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June 22. No more mouldineſs appear d: whence we have it confirm d, Nun, rie. 
that the air is, ſometimes, unfit to produce mouldineſs; ſince, laſt year, all 
this kind of flowers, contracted a great mouldi neſs. weight ma 

(148.) Sept. 4. 1678. I md. one dram of minium, in an open glaſs, Z. wr —— 
to the ſun - beams, concentrated by a burning-glaſs ; and found that it loſt tically ſealed, 
3, grain of its weight, though much of the minium had not been rouch'd by pd; bo af 
the rays. thereto in aw 

(149.) Sept. 6. I took calcined coral, and endeavour'd to calcine it fur- . 4. 
ther, by the rays of the ſun, in a ſealed glaſs; and the whiteneſs of the — 
calx was ſome what increaſed hereby. | 

Sept. 10. I expoſed the ſame coral again to the ſun-beams, in the ſame 
glaſs hermetically ſealed, for two whole hours ; and, then weighing the 
glaſs, found it had loſt about part of a grain, ſince it was firſt ſealed. , . « 

(150.) May 23. I put calx of tin in a light glaſs vial, hermetically ſealed, tis, =inin=, 
and weigh'd it exactly: afterwards I expoſed it to the beams of the ſun, 994 «2m 
for a long time, by the help of a large lens; then the glaſs, being again 
weigh'd, ſeemed to have loft 77 part of a grain of its — — 


May 29. I repeated the experiment with minium, inſtead of calx of tin, 
and the loſs of weight came to ++ part of a grain. 

May 30. I endeayour'd to calcine the ſame minium again, but ſuch plen- 
ty of air was produced, that the glaſs broke, with a great noiſe; into an 
hundred pieces. 

June 6. I made the ſame pu again with minium ; and then ++ 
part of a grain was wanting of the weight. 

Attempting again to burn minium, the glaſs alſo broke. 

July 15. I uſed wood-coals for the ſame experiment, but the ſun did 
not at all affect them. | 

July 20. I expoſed Sulphur vivum, to the beams of the ſun, in the ſame 
manner; and tho' it was eaſily melted, and emitted many fumes, yet I 
found no change at all in the weight. 

Aug. 1. I kept the ſame vial ſtill, with the flower of ſulphur ; and often 
expoſed it to the fire of the burning-glaſs, without danger of being bro- 
ken; becauſe ſulphur produces no air: the fumes roſe, and, at firſt, the 
ſulphur bubbled ; but the weight remain'd the ſame. 

( 151.) Nov. 6. A piece of roaſted rabbet, being exactly cloſed up, in an Bedies preſerved 
exhauſted receiver, was two months, and ſome few days after, taken out, 27 1 
without appearing to be corrupted, or ſenfibly alter d, in colour, taſte, or vaftedradber. 

ell. 
(152.) March 11. A ſmall glaſs receiver, being half fill'd with pieces Brad. 
of white bread, was exhauſted, and ſecured. 

April 1. The receiver being open'd, part of the bread was taken out, 
and appeard not to haye been impaird in that time; only the out- 
ſide, of ſome pieces of crumb, ſeem'd to be a very little leſs ſoft and 
white, than before. There appear'd no drops, or the leaſt dew, on 
2 inſide of the glaſs. The remaining bread was, again, ſecured ſoon 
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Puzunarics.. April 18. The bread was taken out 


Blood. 
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again, and taſted -much as 
it did the laſt time ; the cruſt being, alſo, ſoft, and no drops of water 
appearing on the inſide of the glaſs. | 

\ (153.) March 9. I open'd a ſmall exhauſted, and ſecured receiver, 
wherein, about three months ago, we had included ſome milk, which was 


Phy 


- well-colour'd, and turn'd, partly, into a kind of whey, and, partly, into 


a kind of ſoft curd. The tafte was not offenſive, only a little ſouriſh, like 
whey ; nor the ſcent fetid, but ſomewhat like that of ſouriſh milk. 

(154) March 5. Violet-leaves, put up, freed and ſecured from air, be- 
ing open d, April 7. appear d not to have chang d their ſhape, colour, or 
conſiſtence; but their odour could not be well judg d of; becauſe he who 
included them, had cruſh'd many of them together, in thruſting them 
down; ſince, by ſuch a violation of their texture, tis natural for violets 
to loſe their fragrancy, and acquire an earthy ſmell. 

(15 5.) Having carefully placed ſome violets in an exhauſted receiver, of a 
convenient ſize, and bigneſs, and ſecur d it from immediate commerce with 
the external air; after ſeven months, we look d upon them again, and 
found they were not putrefied, or reſolved into any mucilaginous ſubſtance, 
but kept their ſhape entire; fome of them retaining their colour, but more 
of them having ſo. loſt it, as to look like white violets. 

(156.) Nov. 5. We convey'd into a conveniently ſhaped receiver, ſome 
ounces of ſheep's blood, taken from the animal, kill'd that afternoon. 
After the exhauſtion of the air, during which, numerous bubbles were ge- 
nerated, that made the liquor ſwell conſiderably ; the included blood was 
kept in a warm place for twenty days; and, during one or two of the 
firſt, the blood ſeemed to continue fluid, and of a florid colour; but after- 
wards, degenerated into one, that tended more to blackneſs. 

. Nov. 25. We let in the external air; and the glaſs, containing the blood, 
being held in a light place, the greateſt part 'of the bottom of it ſeem'd 
to be thinly overlaid with a coagulated ſubſtance, of a higher colour than 
what ſwam above it; which, though it appear'd dark, and almoſt 
blackiſh in the glaſs, whilſt view'd in the bulk, yet, if it was ſhook, thoſe 

arts of it that fell down along the inſide of the glaſs, appear d of a deep 

ir colour. Bur, whilſt the blood continu'd in the glaſs, it was ſuppos'd 
not to ſtink ; ſince, even when it was pour'd out, tho? its ſcent ſeem'd, 
to me, ſomewhat offenſive, yet, to others, it ſeem'd to ſmell like the blood 
of a dog, newly kill'd. | 

( "2 March 17. Some cream being put up, and ſecurd in an ex- 
hauſted receiver, appear d, a year after, to be more thick, and almoſt like 
butter, at the top, than in other parts; and afterwards, by being well 
ſhaken together, in the glaſs, it was eaſily enough reduced to butter, whoſe 
butter-milk, by the judgment of thoſe who were more ufed hereto than I, 
appear'd not 1 from ordinary butter-milk; and, I found it had, 
ke that, a grateful ſourneſs. The butter was judg'd to be a little 
ſourer than ordinary, but was not, as they ſpeak, ma 


(159.0 


Dhyſiro-mechanical Experiments. 635 
158.) Feb, 18.We look'd upon three vials, that had been exhauſted, and ſe- N eri 
a Sept. 15 laſt ; the one of theſe had in it ſome ſlices of roaſted beef, ns 
the other ſome ſhivers of white bread, and the laſt ſome thin pieces of 
cheeſe ; all which, ſeem'd to be free from putrefaction, and look'd, 
much, as when they were firſt = in ; we, therefore, let not the air into 
the receiver, bur left them, as they were, to prolong the experiment. 
(159.) Feb. 18. There was a fourth vial, wherein, about fix months be- F 
fore, had been inclos'd, and ſecured ſome - july-flowers, and a roſe; yet, 
theſe being kept in the ſame place with the reſt, tho they ſeem'd a little 
moiſt, retain'd their ſhape and colour, eſpecially the roſe, which look'd, 
as if it had been lately gather d. We obſerv'd, in none of theſe four re- 
ceivers any great drops, or ſo much as dew in the parts ſituated above the 
included matter. 
(160.) June. 4. We left ſome ſtrawberries in an exhauſted receiver, and Sa. benin. 
coming to look upon them afrer the beginning of November, we found 
them to be diſcolour'd, but not alter d in ſhape, nor mouldy; we, there- 
fore, left them ſtill in the receiver for further trial. 
(161.) May 2. 1669. A piece of roaſt- beef, ſecur'd September 15. laſt, ap- Ce, &. 
pear'd to be not at all alter d; no more did a piece of cheeſe, ſecured in an- 
other 3 and ſome pieces of a Fench roll, ſecured, on the ſame day, 
in a third. 
Flowers, ſeal d up Auguſt 12. 1668, being this day look d upon, ap- 
pear d freſh. | 
(162.) June 17. A pint of ſmall beer, being put into a conveniently e 
ſhaped glaſs, afterwards exhauſted, and ſecured from the air; the moſt part 
of Auguſt proving extraordinarily hot ; towards the latter end, there was, 
at ſeveral times, great thunder, which turn'd the beer in our cellar, and in 
moſt of thoſe of the neighbourhood, ſour. Sept. 1. The beer was open'd, 
but did not ſeem to be ſour. 
(163.) To try, whether the thunder would have ſuch an effect upon ale, Ate. 
exactly ſtopt in glaſs veſſels, as it often has on it in ordinary casks; I caus'd 
ſome ale, moderately ſtrong, to be put into a conveniently ſhaped receiver, 
and having exhauſted the air, and ſecur d the glaſs veſſel, twas put into a 
quiet, but not a cool place. About ſix weeks after the liquor had been in- 
clos'd, there happen d ſome very loud thunder; and our beer, upon this, tho? 
the cask was kept in a good cellar, being generally noted to have been turn'd 
ſour ; I ftay'd yet a day or two longer, that the operation upon our included 
liquor might be the more certain and manifeſt ; and then taking out the ale, 
found it good, and not at at all ſour d. 
(164.) Some black-berries, included in an exhauſted receiver, Sept .2 1. Blackberries 
1670. were open d June 20. 1673. and found free from all mouldineſs, and 
ill ſcent; only there was ſome ſour liquor, which being taken out, the 
berries were {ecur'd again. At the ſame time, another parcel of the 
ſame berries was exactly clos d up in a receiver, whence the air was not 
pump'dz but coming, Octob 11. 1673. to look upon the glaſs, we found it 
2 and the fruit all cover d with a thick mould. Nor was this the 
Mmmm 2 only 
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Punvxarics.cnly veſſel, wherein, trials made to preſerve fruits without any exhauſtion of 
WY 9 mi ſcarried. 1 8 10 15 F | 

Octob. 11. 1674. The former berries in vacuo, being look'd upon, appear'd 
much leſs black than before; but did not ſeem putrefy'd, either by loſs of 
ſhape, or by any ſtinking ſmell ; nor was the leaſt mouldineſs obſerv'd upon 
them, tho they had been kept inthe ſame receiver for above four years. 

(165.) June 14. We put a convenient quantity of ale into a bolt-head, 
and ſeal'd it up hermetically ; the next year, July 5. we broke off the ſeal, 
and found the 1 5 very good, and without any ſenſible ſourneſs. The 
next day, it was ſeal'd up again, and ſet by for thirteen months; when, the 
neck of the Fla {s being broken, the ale was found ſour. We ſee, how- 
ever, that a ſmall quantity of ale was preſerv'd good, at leaft, above a 
year; which is much longer, than that liquor uſually keeps. 

(166.) June 14. 1670. In a large bolt-head, we hermetically ſeal'd up a- 
bove a pint of French claret, which, when we came to look upon July 5. 1671. 
appear'd very clear and high colour'd, and had depoſited a large ſediment 
at the bottom of the glaſs, but faſten'd no tartar, that we could perceive, 
to the ſides. Upon breaking the ſeal'd end of the glaſs, we thought there 
was an eruption of included air, or ſteams; and, high above the ſurface 
of the wine, there appear d a certain white ſmoke, almoſt like a miſt, and 
then gradually vaniſhd: the wine continu'd well taſted, and was a little 
rough upon the tongue, but not at all ſour. 

he bolt-head was ſeal'd up again Fuly 6. 1671. and ſet by, till Auguſt 

5. ** at which time it was open d again, and the wine ſtill taſted very 
well. 

June 26. 1673. The bolt- head, with the ſame claret, being open'd, was 
found very good, and ſeal'dup again. Octob. 11. 1674. the ſame wine was 
open'd again, and appear'd of a good colour ; it was not ſour, but ſeem'd 
ſomewhat leſs ſpirituous, than other good claret ; perhaps, becauſe of the 
| cold weather. 

Bodies preſer'® ( 167.) Aug. 3. 1678. I included two apricocks in two receivers, one of 
er g which was exactly fill'd with bruis d raiſins of the ſun, and with water; 
2pricecks with but in the other, there were only lodg'd a few raiſins, ſo that the apricock 
raifins and u- vas not touch d, by them, or their moiſture. | 
Sept. 10. I took out the apricock, inclos d with the water; and, whilft 
the air broke out, the fruit bubbled very much: the raiſins had loſt, almoſt 
all their taſte, but the apricock preſerv'd a pleaſant reliſh ; and ſeem'd 
more pleaſant than ſuch Rui uſually is at that ſeaſon of the year. 
Fre. 10. 1678. The apricock, inclosd without water, kept its colour 
and figure, only ſeem d to have loſt its firmneſs. 
This experiment informs us, that the taſte of ſome fruits may be pre- 
ſerv'd in an infuſion of raiſing of the ſun; at leaſt in veſſels able to relift a 
great compreſſure of the air. | 
. 468.) Sept. 17. 1678. I included peaches, with an infuſion of raiſins, 
a- tai: in two receivers, ſhut with a ſcrew. | 


Sept, 
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Sept. 21. Too great a quantity of air produced in one of the receivers, ?**vaxamier. 


expell'd ſome part of the liquor. The other receiver retain d its liquor. 

Sept. 25. receiver, out of which the liquor was expell'd, loſt ſome 
more of it; ſo that a fifth, or ſixth part, now ſeem'd empty: but, ſetting 
the -> wi the liquor was then preſery'd. The other receiver remain'd un- 
alter 

Sept. 26. The ſame receiver began, again, to leak, and run over: I ſet 
the ſcrew again. 

Nov. 27. Our receiver, hitherto, ſeem'd to be exactly ſhut; but now T 
open it; and, whilft the air was getting out, the peaches bubbled very 
much: one of them,"which was of that ſort whereto the ſtone uſually ad- 
heres, preſerv'd its firmneſs, and a pleaſant taſte ; but the other, being 
of the yellow-colour'd kind, was very ſoft ; yet the taſte thereof ſeem'd to 
be more pleaſant than of the other. 'The liquor was very grateful. 

Decemb. 28. The other receiver ſeem'd unalter'd ; but, when I open'd 
it, innumerable bubbles immerg'd from the liquor, and from the peach. 
The peach, on one (ide, had preſerv'd its firmneſs ; on the other, it had 
loſt it: but the whole was grateful to the palate, tho ſomewhat ſharp. 

This experiment ſeems to teach, that liquors may grow ſour, tho no 
ſpirits have evaporated from them. 

(169.) September 20. I included peaches, with unripe grapes, in two re- 


Sept. 25. The receiver, filld with pulp of apples, hitherto ſeem'd 
unalter'd ; but, in the other, the air, which was generated, had thruſt 
out half of the contain'd liquor, and impel'd the mercury into the gage, 
to the height of 100 inches; wherefore, I open'd the receiver, and the 
peach, whilſt the air got out, was almoſt reduced to the conſiſtence of a 
pultice : the taſte of it was pleaſant. 

I put another peach into the ſame receiver, and ſubſtituted a new in- 
fuſion of raiſins of the ſun, inſtead of that which was loſt. 

Sept. 26. The mercury roſe to 30 inches above its uſual height. 

Sept. 27. The height of the mercury was 72. 

28. The height of it was 90. The liquor work'd out. 
30. The ſame height remain'd ; but the liquor was all eſcaped. 

October 1. All the air had, alſo, eſcaped ; wherefore, opening the re- 
ceiver, I found the peaches very ſoft, but of a pleaſant taſte. 

Octob. 3. The receiver, filled with the pulp of apples, had loſt no- 
thing ; but now I perceiv'd, that almoſt all the juice of the apples had 
runout: I open'd the receiver, and found its contents very much fer- 
mented. The peach was very ſoft, but not unpleaſant in. taſte. 

This experiment informs us, that fruits cannot be long kept in pulp of 
apples, becauſe of the great production of air; tho' that happens a little 
later in the infuſion of raiſins. 


ceivers, and filled them exactly; the one with apples bruiſed to the con- 27. 3 — 


ſiſtence of a pultice ; and the other, with an infuſion of raiſins of the fun. Ihe. 


(170.) Sept. 23. 1678. I included peaches, with crude grapes, in two Peaches with 
receivers; one of which was exactly fill'd with pulp of apples, the 2 pul of apples, 
0 


with unripe grapes, bruiſed. 
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ner Offob, 1. The receiver, fill d with pulp of apples, feem'd to have ſuf- 

fed no alteration ; but the other, was em liquor: this, therefore, I 
open d, and found one of the peaches to have retain'd its firmneſs and 
taſte; but the other had loſt its firmneſs, yet retained a grateful taſte, 
Feb. 5. 1679. The receiver, containing the pulp of apples, ſeem'd unalter d: 
I open'd it, and the great ebullition which * thereupon, manifeſted, 
that a great compreſſion of the air was made. pulp of apples, and the 
peach, retain d a grateful taſte, but ſomewhat more pungent than ordinary. 

This experiment ſhews, that juice of crude grapes cannot, conveniently, 
- * for the preſervation of fruits, by — the too great produ- 

on of air. | 

. (171.) Sept. 25. 1678. I included two pears, called buttter-pears, in a 
with the pulp of receiver, exactly fill d with pulp of apples. 
— Sept. 28. I perceiv d no alteration in the height of the mercury. 
Octob. 5. The mercury was now riſen 15 inches. DB 
Octob. 6. The height of the mercury was above 16. 

Octob. 12. The mercury was not changed. 

1 on 57 Three days ago, the mercury was depreſſed, though nothing 
eſcaped. 

Ota. 26. This day the receiver was crack'd ; though I did not find 
that the air was compreſled within it ; but, perhaps, the ſcrew was ſet 
too high. 'The pulp of the apples was of a very gratefultaſte ; ſo were the 

. pears, tho ſoft, and one of them inclined to rottenneſs. 

Perhaps, the crack inthe receiver, was the cauſe of ſo little air being 

produced in this experiment. | 
Peaches incleſes (172.) Octob. 1. 1698. I incloſed peaches in two receivers; one of which 
a 7 was filled with pulp of apples, and the other with unripe grapes, bruiſed. 


les, and un- 


.ripe grapes, Octob. 5. Much air was produced in the ſecond receiver, and fome of 
the juice ran out. The height of the mercury was 64 inches. 

Octob. 6. The juice continu'd to run out: the height of the mercury 
was 70. | 

Octob. 8. Now the juice ſeem'd to be all run out of the receiver; and 
the height of the mercury was 86. 

Octob. 12. The mercury remain'd at 86. 

Octob. 18. The receiver, emptied of its juice, held the air very well; 
and the mercury in it reſted at 86. The other receiver, filled with pulp 
of apples, had, for theſe tive laſt days, ſufſer d ſome juice to flow out. 

Decemb. 4. I open d the receiver, fill'd with pulp of apples; and tho all 
the juice was gone, yet it ſtill retain'd the air, very much compreſſed; and 
many bubbles broke out, not without noiſe, after the receiver was quite 
open 3 peach was very ſoft, and of a pungent taſte, like to that of 
ſtrong wine. 

J 22. 1679. After the effuſion of the juice in the other receiver, the 
mercury reſted at the ſame height. I open d the receiver; the peaches 
emitted many bubbles, and were wrinkled, but their colour was little 

changed: their taſte was moſt pungent, and inclining to acid, 


This 
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confirms the concluſions drawn from the former. 


with wine. ; | 
Octob. 5. The height of the mercury, in the firſt receiver, was 15; in the 
ſecond, 10; in the third, 9. 
Octob. 6. The height of it, in the firſt receiver, was 25; in the ſecond, 
15 ; in the third, 20. 
Octob. 8. The height of the mercury, in the firſt receiver, was 35; in 
the ſecond, 15; in the third, 20. 
Octob. 12. The height in the firſt receiver, was 63; in the ſecond, 15; 
in the third, 28. 
15. The height of the mercury, in the firſt receiver, was $1 in 
in the ſecond, 15; in the third, 30. 
16. There was no more change perceived in any of the three 
receivers. 
18. The mercury rather deſcended, than aſcended in all the three. 
22. In the wine, only, the mercury aſcended, or deſcended, ac- 
cording to the degrees of heat and cold. 
24. The height of the mercury, in the firſt receiver, was 96; in 
the ſecond, 15; in the third, 30. 
30. The height, in the firſt receiver, was 115 ; in the ſecond, 203 
in the third, 30. 
Nov. 3. The height, in the firft receiver, was 117 ; in the ſecond, 20; 
in the third, 30. 
6. The height, in the firſt receiver, was 120; in the ſecond, 313 
in the third, 31. 
11. The height of the mercury, in the firſt receiver, was zoy ; in 
the ſecond, 31; in the third, 28. 
The weather was cold. 


Nov. 16. The height of the mercury was the ſame. The peach, which 
hitherto lay at the bottom, now mounted to the upper part of the liquor, 


in the ſecond receiver; the reſt ſtaid at the bottom. 
Nov. 25. 'The height, in the firſt receiver, was 140 inches ; in the ſe- 
cond, 47; in the third, 3 2. 
Nov. 28. The height, in the firſt receiver, was 96; in the ſecond, 36; 
in the third, 28. It was very cold weather, 
Decemb. 13. The height, in the firſt receiver, was 96; in the ſecond, 
7; in the third, 33. I open'd the third receiver, and found the peach 


firm, and of a laudable colour; but it had contrafted much of its taſte 
from the wine, and might yet be improved by ſagar. The wine, alſo, 


was grateful to the palate. 


Decemb. 30. The height of the mercury, in the firſt receiver, was 96 
inches; in the ſecond, 47. I open d the firſt receiver; when, the peaches, . 
which had lain, till then, at the bottom of the liquor, preſently emerg'd to 
the upper part, and emitted many bubbles: the taſte of the ale, of which 


Hence 


they had greatly partook, became pleaſant, with ſugar. 
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(1730 Octob. 4. 1678. I put peaches into three receivers; the firſt of 3 
which was filled with ale; the ſecond, with hopp'd beer; the third, ded with ale 


and wine, 
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xs.” Hence fermented liquors may be uſeful for the preſervation of fruits, 
as being unfit to produce air. 

(174.) Sept. 5. 1678. I included one whole peach, with another cut to 
pieces, in a receiver; into which, I afterwa'ds poured old wine, till it 
was exactly fill'd, and then ſhut it with a ſcrew. : 

Nov. 20. Nothing, hitherto, ſeem'd to be alter'd ; but, this day, I per- 
ceiv'd ſome of the wine run out. | 

Nov. 30. A third part of the wine was loſt. 

Decemb. 8. The wine beginning again to run out, and there being but 
little of it left, I open'd the receiver, and found the peaches very much 
fermented, yet of a grateful, but moſt pungent taſte. The wine, alſo, 
was plealant. 

From this experiment, compared with the third receiver, in the former, 
we may conjecture, that wine hinders the fermentation of peaches, if uſed 
in a ſufficient quantity; but here the quantity was not ſufficient, becauſe the 

ieces of the cut peach fill'd the whole receiver, ſo that no room was left 

r the wine, but in the interſtices. 

(175. ) Octob. 11. 1678. I put two tripe peaches, one whole, the other 
cut to pieces, into a receiver fill d with hopp'd and fermented beer. 

Octob. 12. In one night's time, the mercury aſcended three inches. 

Octob. 15. The height of the mercury was 15. 

16. The height of it was 15. 

18. The height of it 12. It was very cold. 

20. The height of it remained at 12. 

22. The mercury aſcended again. The cold abated. 
Nov. 2. The height of the mercury was 20. 
3. The mercury deſcended a little. It was cold weather. 
6. 'The height of the mercury was 28. 'The weather grew hotter. 
8. The height of it was 33. | 

11. The height of the mercury was 40. 

12, 'The height remained at 40. Some of the beer work'd our. 

16, The height of it was 46. | | 

19. The height of it was 43. But much of the beer was loſt. 

21. The mercury aſcended not, but the beer continued to work 
out. 

23. When the beer was almoſt all work d out, I open d the recei- 
ver, and found the peaches very ſoft, yet of a grateful taſte ; 
tho they were kept for 9 hours in the free air, after the recei- 
yer was open d. 

From this experiment, compared with the ſecond receiver, we may in- 
fer, that beer hinders the fermentation of peaches, and the production of 
air, if uſed in a ſufficient quantity : but here there was only a little beer, 
contain d in the interſtices, which was unable to hinder the entation of 
the peaches. | | 

(176.) Octob. 19. 1678. I included raw beef in three receivers; the firſt 
of which was exactly fill d with ftale beer, forcibly intruded ; ſo that tho 
1 mer- 
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mercury exceeded its wonted height by ſixty inches. The ſecond was, alſo, ex- CLAWS | 


actly filld with ſtale beer, but here there was no compreſſure made. The 
third was fill d, partly with the beef, and partly with common air. 

Octob. 20. In the firſt receiver, the mercury was _— to twenty 
inches below its uſual height; rho' nothing at all had eſcaped out. In the 
ſecond, alſo, it deſcended ; but in the third, it aſcended a little. 

Octob. 26. In the firſt receiver, the mercury ſometimes aſcended, and 
then deſcended, very irregularly ; in the ſecond, it began to aſcend lowly, 
two ago; in the third, it was not mov'd at all. 

Ofob. 27. A piece of the ſame beef, which was left in the air, began to 
imell ill; and i mercury in the third receiver, began to aſcend ; in 
the ſecond, it continu'd to aſcend gradually; but in the firft, it ſeem'd ra- 
ther to deſcend. 

Nov. 3. The mercury in the firſt receiver aſcended not; in the ſecond, 
the height of it was twenty inches; in the third, ten. 

Nov. 5. I open'd all the receivers, and the two firſt had no offenſive 
ſmell, only contracted a ſcent from the beer. The fleſh boil'd in the ſame 
beer was very tender, but its taſte was bitter ; perhaps, by reaſon of the too 
uu quantity of beer. The beef included with common air, preſently ſmelt 

tid, upon being open'd ; yet, when taken out, and applied to the noſe, 
it ſcarce ſeem'd to ſtink. I included the ſame fleſh in the ſame receiver, to 
try whether new air being admitted, would promote corruption, 

Nov. 6. The height of the mercury was three inches. 

Nov. 1 1. The height of it was nine. | 

Nov. 25. The height of it was twenty. 

I open'd the receiver, and found the fleſh fo fetid, that I was forc'd to 
throw it away. 

From hence it ſeems to follow, that beer may help to preſerve fleſh, eſpe- 
cially if it be forcibly intruded into the receiver ; but this compreſſure is 
ſoon abated, becauſe the air, compreſs'd in the ſame receiver, is apt to 
enter into, and gradually pervade the pores of the beer. | 

(177.) Nov. 12. I included beef, preſs'd together as cloſe as I was able, in 
three receivers: into the firſt of them T d water, mix'd with one fortieth 
part of falt, which fill'd up all the interſtices, left bet wixt the parts of the fleſh ; 
the ſecond, in like manner, contain'd ſome ſalt water; but it was ſo forci- 
bly intruded, that the mercury in the gage aſcended fifteen inches, above 
its wonted height : into the third receiver, I pour'd no water, and there- 
fore thoſe few interſtices, which could not be poſſeſs d by the fleſh, were 
left for the air. 

Nov. 13. The mercury deſcended in all the receivers, eſpecially in the ſe- 
cond, wherein was the compreſs d liquor. | 

Nov. 18. The two receivers, which were uncompreſs'd, did not drive 
the depreſs'd mercury upward : but that, whoſe mercury had been im- 
pell'd to fifteen inches, and afterwards had deſcended moſt, now return d 
almoſt to its former height. A piece of the ſame beef, being left in the air, 


E 0 |" | : | 
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and common air. 
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Fa Nov. 23. In all three receivers, air was produced a-new ; but to-day 
LT the mercury, in the ſecond, deſcended three inches, and the height of it was 
twenty; in the other two twas about ſixteen. I open'd the firſt receiver, 
and the fleſh was not at all corrupted. 
Mor. 30. I took that fleſh out of the receiver, which was put in without 
falt, and it did not ſtink at all; but, being boil'd, was very tender, and of a 
pleaſant taſte. N NA. + 
Decemb. 6. I open'd the receiver, into which I had forcibly introduced 
ſalt water. The mercury exceeded its wonted height by twenty-five inches. 
The fleſh ſmelt ſtrong, yet did not ſtink : that in vacuo yielded many bub- 
bles, which ceas'd not, till a pretty while after the receiver, in which it 
was ineluded, was taken from the pneumatic engine; then mercury, in 
one hour's time, came to the height of three or four inches. I, afterwards, 
immers'd the ſame receiver ſo exhauſted, in hot water; and the liquor, 
contain'd therein, bubbled very much, tho” the water, from which. it bor- 
row'd all its heat, did not boil ; but ſo great a quantity of air was produc'd, 
or had enter'd from without, that the receiver was quickly full. The li- 
quor, contain'd therein, did not, afterwards, bubble, or boil, tho it were 
immerg d in boiling water. I took out the fleſh, and found it pleaſant and 
tender, yet leſs ſo, than I expected; perhaps, becauſe it was not boil'd 
enough. f 
. = water, as well as beer, may conduce to the preſervation of 
Oifters with (178.) Nov. 29. 1678. I inclos'd oiſters in four receivers: in the firſt, 
— * zel the oiſters were without their ſhells, and exactly fill d the whole ſpace; in 
ded in ſalt-24-the-ſecond, the oiſters, with their ſhells, were included with common air; in 
and in vacuo.. the third, the oifters alſo were included in their ſhells; the remaining ſpace 
of the receiver, being exactly fill d with ſalt-water. Theſe three veſſels 
were firmly clos'd with ſcrews. 'The fourth receiver was exhauſted of air, 
and contain d three oiſters in their ſhells, and eight taken out of their 
ſhells. When the air was pump'd. out of this receiver, the oiſters freed 
from their ſhells,- emitted many large bubbles; but the three others ſuf- 
fer'd no ſenſible change, only one of them gaped. 

Nov. 30. In the three receivers, ſtopp'd with. ſcrews, air ſeem'd to 

be conſumed, rather than produced; but the mercury in vacuo aſcended 
a little. 
_ Decent. 4. Whilſt the weather was cold, the mercury aſcended not; but 
now, when the cold began to abate, the height of it in the firſt receiver 
was ſeven inches; in the ſecond, none; in the third, three; and in the 
fourth, three. 

Decemb. 5. The height of the mercury in the firſt receiver was twenty 
inches ; in the ſecond, one; in the third, three ; inthe fourth, five. 

_ Decemb. 7. The height of the mercury in the firſt receiver was thirty 
inches; in the ſecond, one; in the third, three; in the fourth, eight. O- 
ther oiſters, left, at the ſame time, in the air, ſmelt ill. 

Decemb. 9. In the firſt receiver, the height was thirty; in the fourth, e- 
even. The re ſt were not chang d. | Decemb. 
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Decemb. 13. There was no change in the three firſt receivers; but in the PrzxvxcariCs. 
Ry height = fourteen inches. WYw 
20. In the firſt receiver, the height was forty-fix; in th 
twenty-four ; the reſt were not chang d. * N — | 
Decemb. 2 1. In the firſt receiver, x height was fifty-two; in the fourth, 
gr ; = — _ _— change. 
Decemb. 22. ight of the mercury in the firſt receiver was f 
the fourth, — no ohms Hcda reſt, 2 
Decemb. 27. In the fourth receiver, the height was twenty- nine; the reſt 
were not chang' d. 
* 1. 1679. The oiſters in the third receiver, had ting'd the water 
ck. 
an. 25. The mercury in vacuo ſeem'd ſtill to remain, almoſt, at the ſame 
height. But this day, ſome bubbles were form'd in the turpentine, by the 
internal air, about the juncture of the cover with the receiver. I, there- 
fore, open d the receiver, and found the oiſters very fetid. I, likewiſe, 
open'd the other receivers, and found the oiſters of an ill ſcent, and turn'd 
to a kind of viſcid gelly. 
This experiment ſeems to inform us, that fiſh produce leſs air than fleſh ; 
yet will be corrupted, tho defended againſt the air. | 
(179.) Nov. 29. 1678. I exactly fill'd a glaſs veſſel, with freſh and unſal- Buter indudet 
ted butter; then ſtopt it with a ſcrew. A mercurial gage was included in“ *r 
the ſame veſſel. 
Nov. 30. In the night, the cold being very ſharp, the butter was con- 
dens'd ; for the mercury approach'd nearerto the aperture of its gage. 
Decemb. 2. The mercury came till nearer to the aperture of its gage; 
perhaps, becauſe the cold daily increas'd. 
Decemb. 5. The cold being abated, the mercury return'd almoſt to its for- 


mer height. 
Part of the ſame butter, being left in the air, began to have a very bad 


ſmell. 
Decemb. 7. The cold returning, the mercury, again, came to the top of 
— by he butter left in the air, ſmelt worſe than before, tho it was 
Decemb. 24. The butter had — no air; being taken out of the re- 
ceiver, it was of a grateful taſte, except, only, a little of the ſuperficies, 
which lay contiguous to the leather ſpread over the cover. 
It follows, that butter may be kept a great while, if it be defended 


from the external air. 
(181.) - Nov. 30. 1678. Ifill'd two receivers with whitings ; and that no yy;z;,,, and 


air might be left in the vacant ſpaces, into the one I pour d wine; and into the wine, aud 
other, oiſters, with their. juice; ſo that both receivers were exactly fill'd. ron _ 
When I had afterwards clos'd their covers with ſcrews, the air in the mer- «vers. 
curial gages was compreſs d; but in three hours ſpace the mercury again 


return Lo to 27 r N Fl 
Decemb. 2. The increaling, the mercury came nearer to the a | 
of its gage in both receivers. Nnnn a % Decemb. 
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123 Decemb. 4. The cold ceaſing, the mercury aſcended very much in that 


| receiver wherein the oiſters were; but, in the other, it moyed not. 


Decemb, 5. In the receiver, containing the oiſters, the height of the mer- 
cury was 20 inches; but, in the other, it was not yet return'd to its uſual 


height. 28 d * 20 W k : 
Decent. 7. In the receiver with oiſters, the height of the mercury was 
Decemb. 9. The mercury, in both receivers, was changed little or no- 


40 in the other, it continued ſtill below its ſtandard. 


8. Fan > , . 

Decemb. 20. When the mercury alter d no more, I open'd the receivers, 
and both of them were very fetid. It here ſeemed new to me, that the recei- 
ver, in which the wine was, had admitted of corruption, without pro- 
ducing air ; for, hitherto, all bodies, whilft they were corrupting, had 
produced ſome. 

(181.) Decemb. 3. 1678. I put raw beef into two large receivers, with 

and cloves; and that no air might be left in the interſtices, I pour'd 
1 phe them; and, in no long time after, found the preſſure of the air, 
in the 1 to bz abated ; the mercury, in the gages, coming to the 
en | | /! 

W — 8. The mercury aſcended not in either of the receivers. 1 
open d the one, that I might boil the fleſh; which had contracted a ſweet 
© ſcent from the eloves; and the liquor, contain'd in the ſame receiver, be- 
fore it was boil'd, ſmell'd like hippocras. | 
- Fan. 2. 1679. J open'd the other receiver, and found no air produced 
therein : the fleſh was not at all corrupted ; and, when I boil'd it iz vacuo, 
I obferv'd, that if a more intenſe fire were made, the air, or ſome ſpirits, 
broke thro the ſtop-cock, which was faſten d to the top of the receiver. The 
receiver, being . all the night, was, the day after, found, almoſt, quite 
empty of air. The fleſh was very tender, and well taſted, only it was 
a little over-boil'd ; for it had been kept on the fire full fix hours. 

Hence we have a confirmation, that beer may be uſeful to preſerve 
fleſh, eſpecially if the bitter taſte thereof be eorrected by aromatics. 


| Ligks, with (182) Decemb. 4. 1678. 1 included two larks, with ſome beef, in a re- 
Laie u ceiver, and fill'd all the ſpaces, unpoſſeſs d by the fleſh, with ale; at the 


ſame time, I fill'd another receiver, with the ſame fort of beef, adding 
beer, alſo, but no larks. | 

Decemb. 9. Some pieces, cut off from the larks, and-expoſed to the air, 
began to ſmell ill; bur thoſe included in the receiver, had produced little 
air; for the mercury was not yet come five inches above its wonted height. 


In the other receiver it was not moved. | 5 


Decemb. 19. In the receiver, which contained the larks, the mercury aſ- 
cended no higher; for the cover being broken, fſuffer'd the liquor to run 
| — Row fe, I open'd = m__ _ boilꝰd —— beef and the 
larks, which were not at all corrupt t to the palate. 
The beef had contracted a pleaſant taſte ; enlyidew the larks, and 
partly from the beer. OT” e | 

| Decemb, 


1 


8 


3 3 
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ſeem'd pleaſant ; yet not ſo pleaſant as that which received a veniſon- like 


taſte from the larks. | | 
Hence birds may be long preſerv'd by the help of beer, or ale. 
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a Decemb. 23. I- open'd the other receiver, and the fleſh bei boiled, PuzuxariON.. 
being boi - 


 (183.) December 14. I included apples in four receivers: in the firſt was — 
a W 1 8 and all the interſtices were fill'd with powder d ſugar: in 


the ſecond, was an apple cut in pieces, and the ſpaces fill'd with ſugar, 
as before: in the third, was, alſo, an apple, cut; but the reſt of the re- 
ceiver was fill'd with water, wherewith a tenth part of ſugar had been 
mixed: in the fourth, the apple was alſo cut, 22 ſpaces fill'd with a 
ſolution of one pert ſugar, and five of water. 8 

Decemb, 21. In the firſt receiver, the mercury began to aſcend a little, 
yet the ſugar did not diſſolve; in the ſecond receiver, all the ſugar was 
melted, and the pieces of apple were ſhriveld : they produced much air, 
when firſt pur into the receiver. In the two other receivers, the mercury 
began, alſo, to aſcend ; but, in the third, the pieces of apple were very 
much corrupted, their skin being taken off. 

Decemb. 22. Air was produced in all the receivers ; but the quantities 
did not bear the ſame proportion amongſt themſelves, as the quantities 
of the ſugar: for, in the ſecond receiver, much air was produced ; bur, in 
the fourth, the mercury, aſcended leſs than in the third. Some air was, 
alſo, generated in the firſt. | | 

Decemb. 27. In the three firſt receivers, the height of the mercury was 
ten inches; but in the fourth, only fix. | 

Decemb. 3 1. In the firſt and ſecond receiver, the height of the mercury 
was 13; in the third, 15 ; in the fourth, only 9. 

Jan. 2. 1679. In the firſt and ſecond receiver, the height of the mer- 

was almoſt 14 ; in the third, 17; in the fourth, 17. 

Jan. 7. In the ſecond, the height of the mercury was 16 ; in the third, 
36; in the fourth, 15; bur, in the firſt, the mercury had not aſcended, 
and ſomething had eſcaped out of the receiver: I, therefore, eaſed” the 
ſcrew, - that I might. diſpoſe it the better, and then the air made an 
eſcape. MEETS 1 jy 
Jan. 9. In the firſt receiver, the height was ſix inches; in the ſecond 16; 
in the third, 39 ; in the fourth, 15. | 

Jan. 17. Is the firſt receiver, the height was 13; in the ſecond, 19; in 
the third, 56; in the fourth, 17. 
| for 30. In the third receiver, the height of the mercury was 76 inches, 
and the liquor go out; I, therefore, open'd it, and found the fruit ro 


have loſt much of its taſte; but the waterhad contracted it, and was plea- 


ſant to the palate. In the ſecond receiver, the mercury aſcended no more. 
I opexdthis, alſo, and found the fruit much more pleaſant than the other ; 
yet much of its taſte was imparted to the fugar, which was turn'd into 
a very good — | ; | 

Feb. 16. The height of the mercury, in the firſt receiver, was 22 in- 


ches; but, in the fourth, 33. This. I open'd, 2-4 © vd the Frair to 
ave 
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nN Re, have loft much ofits taſte ; and that the ambient water had got it, and was 
i thereby turn'd into of ganas drink, EB wh | 
= 27. In the firſt receiver, the height of the mercury was thirty 
nches. HOW | 
March 15. In the firſt receiver, the height of the mercury was not 
| change ; but, now, ſomething eſcaped out of the receiver: Iopen'd it, and 
found the apple of a . laudable colour; but the pulp was ſpongy, and 
had loſt much of its taſte. | 
This experiment ſeems to teach, that ſugar is not ſo fit to preſerve fruits, 
as fermented liquors. | 
fl Lark induded (184.) December 23. I fill'd a glaſs veſſel with milk, then ſtopp'd it 
with with, with: a ſcrew.; and, into another receiver, I put a lark with milk, and 
ſtopp d it cloſe. | 
. Decemb. 24. This evening I perceiv'd, that the caſeous part was ſepa- 
rated from the butyrous, in the cloſed receivers; as well as in the milk, 
which, at the ſame time, I left expoſed to the air. by 

Decemb. 27. I found no air produced in the receiver which held the lark; 
but, in the other, the mercurial gage was ſpoiled. 

Decent. 31. The mercury aſcended in that receiver which contain'd the 
lark; but the milk left in the air, at the ſame time that I ſtopp'd the re- 
ceivers, ſtunk three days ago. 

Jan. 1. In the receiver which held the lark, the height of the mer- 
cury was ten inches. | | 

Jan. 2. The height of the mercury was 14 5. The milk ſtagnant be- 
low the N part, 15 71 of a red colour. | 

Jan. 4. The height of the mercury was 19. Some white ſediment was 
concreted at the bottom of the milk. | | 

Jan. 9. The height of the mercury was 29 inches. 

Jan. 25. I open'd both receivers: the lark ſmelt only ſtrong, tho" it 
had been kept 32 days; when boil'd, it was of a pleaſant taſte. In the 
other receiver, the caſeous part of the milk was ſub-acid, and grateful; 
but the butyrous part was not ſour at all. | 

This experiment informs us, that, ſometimes, milk may be ſucceſsfully 
uſed to preſerve fleſh. * 

Alu indudes (18 5 Decemb. 24. 1678. I put a lark into a ſmall receiver, and pour d 
* + 4p — butter upon it, melted over a ſlow fire, till all the interſtices were exactly 
id; heal _— the cover with a _ . * 

Decemb. 27. The mercury approached nearer to the aperture of its 5 
The butter ſeem'd to be 4051 ; for the loweſt part of it was 3 
and the middle whiter than before. The upper- part was fluid. | 

: Jan. 5. 1679. The mercury return d, by degrees, to its wonted height. 
Jan. 9. The mercury was ſomewhat higher. | - 
Jan. 28. The mercury was. little changed. 1 open the receiver, and 
found that part of the butter, contiguous to the leather, ſpread over the 
cover, to be white, and of a very unpleaſant taſte. The butter, more re- 
mote from the leather, was yellow, and ſomething fetid, tho edible. But 


The 
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the lark being roaſted, was grateful to the palate, tho' it had been kept PN. 
34 days. This experiment ſeems to ſhew, that hot melted butter is — TY 
very ſucceſsfully uſed to preſerve fleſh. 

(186.) Jan. 4. 1679. I included boil'd fleſh in an exhauſted receiver, Boiled d is 
ſtopp'd with a ſcrew ; and fill'd the interſtices, exactly, with broth of the 
ſame fleſh, which ſeem'd a little too ſalt, Whilſt I ſer the ſcrew, all things 
in the receiver were compreſs d; and the mercury aſcended to the height 
of {ix inches into the gage; but it ſoon return'd to its wonted height. 

Jan. 28. The air was, gradually, more conſumed, ſo that the mercury 
now deſcended eight inches below its uſual ſtandard. I open'd the recei- 
ver, and found the fleſh very ſweet and tender. The broth, alſo, had an 
acidiſh, but a very grateful taſte. 

This experiment ſhews, that boil'd fleſh may be long preſerv'd good; 
which 1s a great convenience at ſea, where, perhaps, there might be no oc- 
caſion for ſalt meat. For, after raw fleſh hath been included in ſerew'd 
veſſels, as long as experience ſhews there is no danger of its corrupting, 
it may be taken out, and, being perfectly boil'd, be again included in 
the ſame receivers; and ſo, doubtleſs, it may be kept 157 a great while 
without ſalt. | 
. (187.) Far. 30. 1679. I put raw fleſh into two receivers; to the firſt, —— 
I added Pep r and cloves; in the ſecond, I mixed nothing. a nr 

Feb. 11. The height of the mercury, in the firft receiver, was three inches; tic. 
in the ſecond below 1 2. | 

Feb. 12. The height of the mercury, in the firſt receiver, was 4 + ; in the 
ſecond, not above 1 =. 

Feb. 13. In he firſt receiver, the height of the mercury was above ſix in- 
ches; in the ſecond, three. I boil'd the fleſh of the firſt receiver, and it was 
very leaſant, and tender. 

eb. 14. The height of the mercury, in the ſecond receiver, was five. 

Feb. 19. The height of the mercury, in the ſecond receiver, was eight. 

Feb. 20. The height of the mercury, in the ſecond receiver, was 11. 
I boil'd the fleſh, and found it very tender, tho it remain'd over the fire 
in Balneo Mariæ, only for three quarters of an hour. I put ſome part of 
this fleſh, before it was boil'd, into a receiver, and filled all the vacuities, 
as exactly as I could, with the ſame fleſh, to try how long the fleſh might 
be preſerv'd, when the air was thus excluded. | 

eb. 28. The mercury aſcended very little. 
March 20. The height of the mercury was about 16 inches. I open'd the 
receiver, and the fleſh ſeem'd of a pleaſant taſte, yet inclining to cor- 


ruption. : 
(188.) February 10. I put raw beef into three receivers: in the firſt, ; = en { 2. 
the beef was ſeaſon'd with r and cloves; in the ſecond, it was en- — 


compaſs d with ſalt - water; in the third, I put neither ſalt nor ſpice. 
Feb. 19. Four days ago, the mercury aſcended in the third receiver; 
n the firſt, alſo, it began to aſcend ; but, in the ſecond, not at all. 


Feb, 
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2 Feb. 21. In the firſt receiver, the height of the mercury was four inches 


4 
. a 


ſhould proceed, I 
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and a half; in the third, ten; but in the ſecond, there was no aſcent at 


all. (ts | 

Feb. 25. The height of the mercury in the firſt receiver was ſix; in the 
third, nineteen ; in the fecond half an inch. 
Feb. 26. This night, there was no aſcent of the mercury in any of the re- 
ceivers. I open d the third, and the fleſh, after boiling, was very good. 

By the former experiment, ſpices ſeem to hinder the production of air; 
but the preſent 7 proves the contrary. Whence this contrariety 

now not; unleſs, perhaps, becauſe, I had left a ſpace 

large enough for the air in theſe receivers; but in the former experiment, 
fill'd all as exactly as I could with fleſh. 

March g. The height of the mercury, in the firſt receiver, was eight inches; 


in the ſecond; none. 


March 12. The height of the mercury in the firſt receiver was twelve; in 
the ſecond, one. | 

April 3. The height of the mercury in the firſt receiver was eleven ; but 
in the ſecond it exceeded not, one. I open d the receiver, and boiling the 


- fleſh, found it very tender, and of an excellent taſte. 


Hence the faltneſs of water, included with fleſh, ſeems to hinder the 
production of air; but there being ſo ſmall a berge of water, compar d 
with the quantity of fleſh, I rather incline to think, that leſs air was pro- 
duced in the ſecond receiver, becauſe it was more exactly fill'd. And, in- 
deed, freſh water being uſed inſtead of ſalt, has the ſame effect; but the 
chief art to preſerve fleſh withour ſalt, conſiſts in excluding all air from it, 


and making a great compreſfure in the receiver. 


| Theſe experiments, about the preſervation of aliment, may be very uſeful 
in tranſporting fruits, veniſon, &c. from remote places, and towards af- 
fording better nouriſhment to mariners. 


| Boiling and „. (189.) Decemb. 12. 1678. I put two ounces, and ſix drams of beef into 
— of an exhauſted receiver, able to hold twenty-two ounces of water; then 1 


feſt, beef beile4 left it in boiling water for three hours; which done, I expos d it to the air, 
5 a» exbanfied to cool for a whole night: afterwards, uſing my pneumatic engine, I per- 


my 
"4 
: 


ceiv'd, that the air, formed in the receiver, could fcarce ſuftain three inch- 
es of mercury: whence fleſh in boiling, cannot form air enough to make an 
entire preſſure in a receiver, capable of holding a double weight of warter : 
that is, if you include one pound of fleſh in an exhauſted receiver, able to 


hold two pounds of water, it will not generate air enough to remove the 
cover from the receiver, unleſs heat greatly contribute to produce the effect: 
but, our fleſh, I confeſs, was not boil'd enough. 


(190.) Decemb. 23. I inclos'd three ounces of raw beef in a receiver able 


to hold thirty-two ounces of water; and in Þoiling, after it had been long 
on the fire, the cover was fore d from the receiver, and fo ſuffer'd the va- 


urs topaſs out: but being prefently ſhut again, and the fire remov/d;, the 


receiver ſoon loft its internal preſſure; fo that being re-plac'd on the fire, it 
was a long time before it could force away the cover a ſecond time. I tried 


this 
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this again, and again; and unleſs the receiver had been expos d to a Nn 
— Hao fire, the cover would never have been remov'd ; — if the * 
fire burns well, ſweet exhalations continually out. 

Decemb. 24. The receiver having been cool'd, during the whole night, 
was, this day, by the uſe of the pneumatic engine, almoſt wholly evacua- 
ted. Whence we ſeem to have a confirmation, that the divulſion of the co- 
yer is not made by that air, which can keep the form of air, but from the 
ſteams exhaling from the fleſh, and ſubſiding again therein; provided they 
be kept in, as they eaſily may, if we uſe not too fierce a fire to the evacua- 
ted receiver, whereby the loſs of thoſe ſweet vapours may be prevented. 

(191.) Jan. 21. 1679. I put paſte, without leaven, into an exhauſted re- Pa,. being in 
ceiver ; and included another part of the ſame paſte in a ſecond receiver, ue, 272 
full of common air. I inclos'd theſe two receivers in Balneo Marie, ftopp'd 
with a ſcrew ; and when they had remain d there, for three hours, expos' 
to a moderate fire, I open'd the receivers: the paſte in vacuo I found red- 
diſh on the ſuperficies; but the other had admitted water; and the paſte 
was not boil'd enough: and, therefore, I put both receivers again in Balneo 
Maria, where they ſtaid a whole night. 29d 1 | vg 

Jan. 22. This morning, I found the Balneum Maris quite cold; and the 

ſte, when taken out, was boil'd enough, but cover d with no cruft. 

hat which I included in vacuo, was interſpers'd with many cavities, but 
it ſeem too inſipid ; the other had no cavities, but a more pleaſant taſte. 

Both the receivers were found almoſt wholly empty'd of air. 

(192.) Feb. 3. 1679. I inclos d leaven'd paſte in vecuo, and, as ſoon as it 3 N — 
had fill d its receiver with factitious air, tranſmitted it into the receiver; I Nasa, 2 ber it 
uſed to boil fleſh in Balneo Mariæ; but, when the paſte was thus remov d, it —— 

itch d much; yet, when it had remain'd for three hours in a hot Balneum g 
i, the bread made of it was inter ſpers d with many cavities, but co- 
ver d with no cruſt. | 

Feb. 5. I repeated the experiment, but now the paſte was included in vacuo, 
in the ſame receiver, which was afterwards put in Balneo Marie ; and 
therefore, there was no need to remove the paſte, and expoſe it to the air. 

Hence, the bread made thereof, was much lighter than the former. | 

(193.) Feb. 12. I included roſemary, with water, in the diſtilling veſſel — 
and, when the air was pump'd out, I put the veſſel in Balneo Arenæ, and in vacuo. 
there came over a water of a very ſweet ſmell; and ſome drops of eſſential 
oil of a very ſweet ſcent, and not empyreumatical. But when I open d 
the ſtop- cock, to let in the air, the noiſe 1 ſoon ceas d, that I judg d much 
air was produced from the roſemary. 

Feb, 13. I put the ſame roſemary into the ſame evacuated veſſel, and 
adminiſtred a more intenſe fire, yet could extract no oil, ſweet, or fetid; 
and the water was leſs fragrant than the former. 

a 0 94.) Feb. 10. 1679. I boil'd one pound of fleſh in vacuo, in a veſſel Flyh boils in 
deſcribd, which would contain almoſt four pounds of water: its upper * 
part, which was made of glaſs, held the mercurial gage; by the help 
whereof, I perceiv d, that the mercury aſcended not three inches, tho 

Vor. II. O ooo | the 
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be fleſh had boil for three hours, and more. It was not boil d enough, 
audits taſte was un ul the liquor, form id of the condens' d vapours, 
had, alſo, an unplea ſant taſſſ ee. no 
Feb. 11. I repeated the experiment, but now ſprinkled the fleſh with 
pepper and cloves: the mercury aſcended to the height of ſix inches, tho 
the fieſh boil'd no longer than the other: it ſeem'd very grateful to the pa- 
late; and the liquor, form d from the vapours, had a moſt pungent taſte of 
pepper; but contracted nothing ur from the fleſh,” as in the for- 
ene n e e ee ee e eee tee eee 
From theſe experiments, made in vacuo, it ſeems, that ſuch veſſels may 
be very uſeful for diſtilling,” and boiling of ſuch bodies, as contain thin, and 
very volatile ſpirits : for Every thing will here be preſerv d, and nothing be 
ue d do ien eee OW 721207 e eee eee 22 1, 
Boiling bs |" (195.) Fax. 29: Eight days ago, I fill'd a ſcrew-veſſel, with beef and wa- 
recs Has ter together ; and when it had continu'd over a moderate fire for eight or 
$1, beef and nine hours in Balneo Marie, ſtopp'd alfo with a ſcrew, I took the fleſh out; 
Balaco Maria but it was boil'd a great deal too much, and the taſte of it was very un- 
pleaſant. I boil'd other beef in the ſame veſſel, after the ſame manner; 
only this was ſeaſon d with r and cloves, and remain d expos'd to the 
fire - but for three hours. is fleſn preſerv'd a moſt pleaſant taſte. I 
boil'd other fleſh, without ſpices, for three hours, in the ſame veſſel, and after 
the ſame manner: when the fleſh was taken out, it taſted well; whence I 
conjectur d, that what ſpoil'd the firſt fleſh, was over-boiling : yet the ſpi- 
ces may be convenient to correct ſome part of the ungrateful taſte; for I 
left a place to condenſe the vapours, in the top of the veſſel, and found, that 
the liquor, there formed, had an unpleaſant taſte; but not ſo when the 
fleſh was ſeaſon d with pepper and cloves. | 
les boi is (196.) Jan. 29. I boil'd apples, after the ſame manner as I did the fleſh, 
ener ace. before mention'd ; but mix'd no water with them. They were ſet upon a 
moderate fire, for almoſt two hours. They were very ſoft, and of a very 
good taſte ; but ſome pieces, which lay in the upper part of the receiver, 
where the vapours aſcending from the lower part condens'd, were of an 
Aue taſte; and the drops, form d from the ſame vapours, had an un- 
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Teſt fei (197.) February 4. J incloſed fleſh, with pepper and cloves, in à rexei- 
with ct ver topped with a ſcrew, but uſed no water to fill up the interſtices; 


only compreſſed the fleſh as much as I could, and then put the receiver in 
Balueo Marie, already hot, and ſtopp'd it with a ſcrew : when it had re- 
mained there, over a moderate fire, for an hour, the fleſh was rather 
over-bou'd than under; but, when I open'd the Balneum Mariæ, all the 
water burſt out of ir, with a great force; the liquor being hot, and now 
finding vent. Wy e et GIAN E012 TH | 
Ful. . I incloſed ſome part of this fleſh in a receiver, topp'd with a 


March 12. The fleſh included five weeks ago, was, this day, found very 
good. I do not doubt, but that perfect boiling contributed ſomething: to 
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its preſervation : for I find, by experiments made upon other bodies, that N e 

bailing che-more-perfeCL i is, hinders — —— — SF 
(198.) February 10. I boil'd a cow-heel, after the ſame manner as I had Ae bb 

done the fleſh above-mention'd ; but left it, for four hours, or more, upon 4 — 

2 moderate fire : then, the veſſels being unſtopp d, we found the fleſh ex- * 

cellently well boiled, and the bones ſo ſoft, that they might be eaſily cut 

with a knife, and eaten. FT Py r 1 

Feb. 12. I repeated the experiment, and let the veſſels remain expoſed 
to the fire for twelve hours; and tho' the water of the Balneum 2 
every where ſecured the veſſel immerſed. in it, yet the fleſh had contracted 
a very empyreumatical taſte and ſmell ; but the juice, which, in the for- 
mer experiment, concrete@,into a, very fan ges did. not here cpngeal 
at IMO TEE TOONS  IRDHTRILISDPEL DOTY THES 

Hence it appears, that many bones, and hard tendons, which we daily 
throw away as unprofitable, may, by the help of a Balneum Maria, ſtopp d 
with a ſcrew, be converted into good nouriſhment. . 

(199% Felraam 10. 2505 2 K. freer the ſame manner, in a _ſcrew'd Af beil'2 is 
Balneum Maria, but mix'd no water therewith. The fiſh remain'd upon u Kas 
the fire for two hours only } hen, the veſſel being cool'd and open'd, it 
was found of a very good taſte; and its bones were ſo foft, that they 
yielded to the . ure of the finger; and the head of it might be eaten 
like its fleſh. The juice of it, in a ſhort time, conereted- into a gelly of 
a hard conſiſtence. | 44 4 ar 

This method is uſeful for boiling ſuch fiſh as are very bony: | 

(200.) February 15. I put hart's-horn into a receiver,” to be ftopp'd with Ele 
a ſcrew, and fill'd the interſtices with water; I included the receiver, thus ft. 
ſtopp d, in a ſcrew'd Balneum Mariz, and fo expoſed it, for four hours, 
to a moderate fire: the veſſels being open d, the hart's-horn was found 
ſoft, and the juice ſoon concreted into a very firm gelly. | 

Feb. 17. J repeated the experiment, but no water was included with 
the hart's-horn, and the fire laſted fix hours under the Balneum Mariz ; 
after this, the hart*'s-horn was found very ſoft ; but a little juice had ſweat 
ont of it, and adhered to the external parts of the hart's-horn, like drops 


of pelly. Ls mil . 2 

— of ſuch a Balneum Mariæ from this experiment ; 
for ſince even hart's-Horn ean be boil'd by means thereof, without water, 
all the freſh water, uſually conſumed in boiling fleſh at ſea, may be 
preſerved for other uſes. | | 
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The Objections of Franc: Li xus; his Hypotheſis 
examined, and his Anſwers to particular Experi- 
ments conſider d. 
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UR author confeſſes, that the air hath both a ſpring and weight; 
nanne( — 2 
ing examin d. 


but denies that ſpring to be great enough to perform what 
cribe thereto; and, particularly, labours to prove it unable, in a 
cloſe place, to ſuſtain the mercury in the Torricellian experiment. For, 
ſays he, if a tube, only twenty inches long, be not entirely fill d with quick- 
< filver, but a ſmall ſpace be left betwixt it, and the finger that cloſes the 
upper end, with nothing but air there; and the tube be open d at the 
bottom, the finger will not only be drawn downwards; but the quick - ſil- 
* ver will deſcend, conſiderably ; that is, as far as ſo ſmall a parcel of air 
can be ſtretch d by the deſcending weight; and, therefore, if, inſtead of 
air, any other liquor, not ſo eaſily extended, be here uſed, the quick-ſilver 
will not fall: but, if the external air cannot ſuſtain twenty inches of mer- 
<* cury, how ſhould it ſupport twenty- nine and a half? But to this ar- 
gument, he has himſelf furniſh'd us with an anſwer in theſe words. But, 
you'll ſay that the mercury deſcends, becauſe tis impell'd downwards, by 
the air dilating itſelf by its own ſpring.” Which I think ſufficient for 
© the objection, notwithſtanding the two exceptions he makes to it. 

For, firſt, when he ſays, that then © the finger ought rather to be repell'd 
from, than fix'd to the tube, ſince the expanſion is made every way; he 
conſiders not, that tho the included air extends itſelf at firſt, every way, 
yet the expanſion, in our caſe, muſt neceſfarily be made downward ; — 
the finger that ſtops the tube, being expos d on the upper parts, and the 
ſlides, to the external air, hay the whole weight and preſſure of the — 

Phexe 
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ſphere upon it; and, conſequently, cannot be thruſt away, but by a force, a- Ne 


ble to ſurmount that preſſure ; whilſt, on the lower fide of the included air, 
there is the weight of the whole mercurial eylinder to aſſiſt the ſpring of the 
air to ſurmount the weight of the atmoſphere, that gravitates upon the 
ſtagnant mercury. So that the air included, endeavouring to expand itſelf, 
finding no reſiſtance upwards, and a conſiderable one downward, it is very 
natural, that it ſhould 5 itſelf that way, where it finds the leaſt reſiſtance: 
as will happen, till the ſpring of the air be ſo far weaken d by expanſion, 
that its preſſure, together with the weight of the mercury, that remains 
ſuſpended, will but balance the preſſure of the outward air upon the ſtag- 
nant _— And, if, inſtead of quick-ſilver, you employ water, and 
leave, as before, in the tube an inch of air, and then inverting it, open 
it under water, the included inch of air will not dilate itſelf near half ſo 
far, as it did when the tube was almoſt fill'd with mercury; becauſe, the 
weight of ſo ſhort a cylinder of water does but equal that of between an 
inch and an inch and half of quick-ſfilver ; and, conſequently the internal 
air is far leſs aſſiſted to dilate itſelf, and ſurmount the preſſure of the out- 
ward, by the cylinder of water, than by that of mercury, 

As for what our author ſays, that, if, inſtead of air, or water, ſome 
* other liquor be left at the top of the tube, the quick- ſilyer will not de- 
* ſcend;” we can readily ſolve that phenomenon, ſince water has either: 
no ſpring at all, or but an exceeding weak one; and fo ſcarce preſſes, but 
by its weight, which, in ſo ſhort a cylinder, is inconſiderable. 

Hence we ſee, why the finger is ſo ſtrongly faſten d to the upper orifice 
of the tube it ſtops : er the included air, being ſo far dilated, that an inch, 
for example, left, at firſt, in the upper part, reaches twice or thrice as far, 
as before the deſcent of the quick-ſilver, its fpring muſt be proportio- 
nably weaken'd; and, conſequently, that part of the finger within the 
tube will ſuſtain much leſs preſſure it, the dilated internal air, 
than the upper part of the ſame finger, from the unrarify'd air without. 
By which means, the pulp of the finger will be thruſt in. 

Our author's ſecond objection runs thus. If you take a tube, open at 
* both ends, of a conſiderable length, ſuppoſe forty inches, fill it with 
© mercury, pn your finger on the top, and open the lower end; the mer- 
* cury will deſcend to its wonted ftation, and your finger, on the top, be 
© ftrongly drawn within the tube, and ftick cloſe to it. Whence, again, 
© it is evident, that the mercury at its own ftation, is not there ſuſtain'd 
* by the external air, but by a certain internal cord, whoſe upper end, 
7 being my to the finger, draws, and fixes it, after this manner, in 

the tube. 3 | 

But this argument, being much of the ſame nature with the former, the 
anſwer made to that, may ferve here, alſo; eſpecially, becauſe, in the 
preſent caſe, the pulp of the finger ſuftains leſs preſſure on the inſide. 
of the tube, than in the other; the preſſure of the atmoſphere being here 


kept off from it, by the ſubjacent mercury; whereas there is T | 4 
5 


that preſſure abated againſt the other part of the finger, that kept 


— 


from 


6 
. $. from | the 


The Pregnaticat, Experinunts, ended 


deſerted cavity of the tube; only from the pulp, contiguous to 


88 the tube, there may be ſome taken off, by the weight of the glaſs itſelf. 


But as for that part of the finger, which immediately covers the orifice, 
whether there be any ſpring in its own fibres, or other conſtituent ſub- 
ſtance, which finding no reſiſtance in the place deſerted by the quick- 
filver, may contribute to its ſwelling ; he, who duly conſiders the account 
already given of this intruſion, will tind no need of our author's internal 
Puniculus, which ſeems more difficult to conceive, than to ſolve the pheno- 
mena, in controverſy, without it. 
Our author propoſes this as a clear demonſtration ; and it is, indeed, 
the principal thing in his book. Take a tube of about 20 inches lo 
* with both ends open, let its orifice be immers'd in ſtagnant mercury, = 
one finger being plac d underneath, that the mercury to be pour d in, may 
not run thro, let it be fill d with quick-ſilver, and then another finger 
ply d to cloſe its orifice. This done, if you take away the lower — 
<< upper will be ſtrongly drawn, and ſuck'd into the tube, and adhere to it 
ks Frm „that it will elevate the tube itſelf, with all the quick-ſilver, 
0 theo it hang pendulous in the veſſel. Since, then, the quick-filver 
* in ſuch a tube muſt be thruſt upwards by the preponderating air; it can 
never be hence explain'd, how the finger is ſo drawn downwards, and 
* made ſo ftrongly to adhere to the tube. For it cannot, by the air for- 
* cing upwards, bedrawn downwards.” In anſwer hereto, Ialledge, that 
a good account may be given of this experiment, upon our hypotheſis, 
which is ſufficient to ſhew the argument not to be e e HE 
I deny then, that the finger is drawn downward or made, by ſuction, to 
adhere to the tube, otherwiſe than we have already explain . 
He ſays indeed, that the air, which thruſt up the quick-filver, cannot 
ſo ſtrongly draw down the finger: as if the air were not a fluid body, but 
a ſingle and entire pillar of ſome ſolid matter. | Dn. + 
However, when the tube is fill'd with quick-ſilver, the finger that ſtops 
the upper orifice is almoſt equally preſs'd above, and at the ſides, b 
contiguous air ; and when the lower finger is remov'd, the cylinder of 
mercury, which before gravitated upon the finger, comes to gravitate up- 
on the ſtagnant mercury, and, by its intervention, preſſes againſt the out- 
ward air; ſo that, againſt thoſe 7 5 of the finger, that are contiguous to 
the air, there is all the e preſſure 5 the 2 air; but againſt 
that pulp contiguous to the mercury, not ſo much preſſure, as againſt the 
e of Ie finger, by, about two thirds ; Bana, the —_— cy- 
linder, in this experiment, is ſuppos'd to be twenty inches high; and if it 
were but a little more than thirty inches high, the weight of the quick-ſil- 
ver would take off not two thirds only, but the whole preſſure of the out- 
ward air from the pulp of the finger. For, in that 8 the quick-ſilver 
would quite deſert it, and ſettle below it. Wherefore, ſince I have before 
ſhewn, chat the preſſure of the outward air is taken off from the body 
that remains in the upper part of the tube, according to the weight 
o che liquor fulpended in it; and fn on our hypothels, the preſur 2 


1 
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the outward air is able to keep thirty inches of quick-ſilver, or thirty- Pazunarics 
q - N 


two, or thirty-three feet of water ſuſpended; tis no wonder, if a pref- 
ſure of the ambient air, equal to the weight of a cylinder of water, of 
near twenty-two feet jong, ſhould be able to thruſt in the pulp of the 
finger, at the upper orifice of the tube, and make it ſtick cloſely to the 
en * 
| Tow our author affirms, that no preſſure from without, can ever ef- 
fe& ſuch an adheſion of the finger to the tube: but this ſhould be pro- 
ved. Nor could I, upon trial, find the adheſion of the finger to the tube, to 
be near ſo ſtrong as our author relates: but, if you endeavour to thruſt 
the pulp of your finger into the orifice of the tube, you may, through 
the glaſs, perceive it to be manifeſtly tumid, in the cavity of the pipe. 
And if, by preſſing your finger againſt the orifice, you ſhould not make the 
ulp adhere quite fo ſtrongly to the tube, nor ſwell quite ſo much within 
it, as may happen in ſome mercurial experiments; it is to be conſider'd, 
that the air being a fluid, as well as a heavy body, does not preſs only 
again, the Upper part of the finger, but, upon as much of it as is expoſed 
thereto, almoſt every way uniformly and ſtrongly; and ſo, by its lateral 
reſſure, thruſts the pulp of the finger into the orifice; where there is. 
eaſt reſiſtance. | 
Hence, we need not borrow the objection, our author offers to lend, that, 
in the experiment under conſideration, the quick- ſilver is preſs d downward. 
by the ſpring of ſome air lurking betwixt it and the finger; (tho ſuch a 
thing might eaſily happen) ſince we lately proved the contrary. And as for 
what he adds to confirm his argument, that if the preponderating air 
* ſucceed in the place of the lower finger, which was withdrawn; that 
is, lif it ſuſtain the quick-ſilver after the ſame manner, as by the 
* lower finger applyd under it; it is manifeſt, that the finger, on the 
„top, ought to be no more drawn downwards, after the lower finger 
< is. remoyed, than before: but, experience teacheth the contrary 3? we 
muſt conſider, that the tube being ſuppoſed perfectly full of mer- 
cury, the finger, which ſtops the lower orifice, is uſually kept ſtrongly 
preſs d againſt it, left any of that ponderous fluid ſhould get our : ſo that 
tho? the lower finger keeps up the mercury in the tube, and the preſſure 
of the outward air would do ſo too; yet there is this difference, that the 
preſſure of the atmoſphere, depending upon its weight, cannot be increa- 
ſed, and weaken'd as we pleaſe, like the undermoſt finger. And, there- 
fore, whereas the atmoſpherical cylinder will not ſuſtain one of quick- 
ſilver, above 30 inches high, thoſe who make the Torricelias experiment, often 
keep up, with the finger, a mercurial cylinder of, perhaps, 50 inches: ſo 
that, in our caſe, before the removal of the under finger, the pulp of the 
uppermoſt muſt ſuſtain about the ſame preſſure, where it is contiguous: 
to the mercury, as the other part of the ſame — 5 ; after the re- 
moyal of the under finger, there is as much preſſure of the atmo- 
ſphers taken off from the pulp, as balances a cylinder of quick-ſfilver 20 
inches high, RR 
Qur 
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eluded air is alſo more expanded, whereby its we 
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Finnair, Our author's laſt experiment is N : © This opinion is falſe, 
| e becauſe thence it would follow, that quick- 


ſilver, thro” a like tube, might 
be ſuck'd with the ſame eaſe out of a veſlel, as water; which is contrary 
te to experience: for, according to this opinion, that the fluid underneath, 
* whether water, or mercury, may ſo aſcend, no more is required, than 
** that the air, in the * * drawn upwards by ſuction; whe, the 
liquor below, will immediately aſcend, being impell'd by the external air, 
* which now preponderates But we formerly ſhew d, that when the 
mercurial cylinder, which reſts upon the ſtagnant mercury, has, at the 
other end of it, air kept from any communication with the atmoſphere, 
that included air has ſo much of the preſſure of the external air taken off 
from it, as balances the mercurial cylinder. And the finger expo- 
ſed to the whole preſſure of the ambient air, in ſome of its 8, and 
in others but to the much fainter preſſure of the included air, ſuſtains 
an unuſual preſſure from the preponderating power of the atmoſphere. 


Thus, the thorax, and the muſcles of the abdomen, which ſerve for re- 


fpiration, ſuſtain the preſſure of the whole ambient air; tho theſe muſcles 
are able, without any conſiderable reſiſtance, to dilate the thorax ; becauſe, 
as faſt as they open the cheſt, and, by dilating it, weaken the ſpring of 
the included air, the external air ruſhing in, for want of the uſual reſiſtance 
there, keeps that within the thorax, in an equilibrium to that without. 


We fay, then, that if a cylinder of mercury be, by ſuction, rais'd in the 


tube to any conſiderable height, the preſſure of the air in the thorax, is 
leſſen d by the whole weight of that mercurial cylinder; and, conſequently, 
the reſpiratory muſcles are thereby diſabled from dilating the cheſt, as 
freely as uſual. But, if inſtead of mercury, you ſubſtitute water, ſo 


"ſhort a cylinder of that takes off ſo little of the preſſure. of the inclu- 


ded air, that it comes into the lungs with almoſt its uſual ftrength ; and, 


conſequently, with almoſt the ſame force wherewith the external air preſſes 


againft the thorax. | ics | 
And there is an experiment of M. Paſchal's, which ſhews clearly, that if 


we could free the upper part of a tube, from the preſſure of all internal 
air, the quick-filver (as our author ſays, it mould) would 

outward air, be impell'd up into the tube, as well as water, till it had attain'd 
a height ſufficient to make its weight equal to that of the atmoſphere. The 
"experiment itſelf is this: If a glaſs 


, by the preſſure of the 


| yringe be made of a ſufficient length ; 
and after the ſucker 1s thruſt into the utmoſt orifice, it be plung'd in the 


2 mercury, as ſoon as the ſucker is drawn out, the mercury follows, and aſ- 


*.cends to the height of two feet, three inches, and a half. And when, af- 
© terwards, tho" no greater force be added, the ſucker is drawn higher, 


© the mercury ſtands, and follows no farther ; whence that ſpace remains 
- empty, which hes between the mercury, and the ſucker.” So that 
we may well explain our author's experiment, by ſaying, that in a more 
" forcible reſpiration, the mercurial cylinder is rais'd higher than in a more 
languid one; becauſe, in the former, the cheſt _ more dilated, the in- 


ed ſpring cannot, as 
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ent air. And the reaſon why the quick-ſilver is not, by reſpiration, 
rais d as high as tis kept ſuſpended in the Torricellian experiment, is 
not the preſſure of the outward air being unable to raiſe it F high ; but 
becauſe the free dilatation of the thorax, is oppoſed by the preſſure of the 
ambient air; which preſſure 2 guns ſo great a ſuperficies, and but 
imperfectly reſiſted by the weakn proges the air in the thorax, will be 
very conſiderable ; ſince, in our engine, preflure of the external air a- 

inft the ſucker of leſs than three inches diameter, was able to raiſe an 
Fundred weight. And, by the way, when we ſtrongly ſuck up quick: ſilver 
in a glaſs tube, tho the elevation thereof proceeded from our author's Fu- 
niculus, contracting itſelf every way; and tho there be a communication 
betwixt the internal ſurface of the lungs, and the cavity of the tube; yet 
we feel not, in our lungs, any endeavour of the ſhrinking cord to tear off 
that membrane they are lined with, 

Our author further ſays, that ** the ſpring of the air can perform nei- 
ther more nor leſs, in a cloſe place, than its equilibrium in an open one.” 
But I allow of this opinion, only in ſome caſes ; for, in others, we have 
performed much more by the ſpring of the air, which we can, within cer- 
tain limits, increaſe at pleaſure, than can be perform'd by the bare weight, 


which, for oughr we know, remains always nearly the ſame. And of 


this difference, we formerly gave an inftance ; when, by compreſſing the 
air, in the receiver, we impell'd the mercurial cylinder higher than the 
ſtation at which the balance of the air ſuſtains it. 

Our author adds, that ſince the experiments of the adheſion of the 
* finger, Cc. ſucceed alike in a cloſe and open place, the arguments pro- 
* duced againſt the equilibrium, make alſo againſt the ſpring of the air.” 
This has, already, been anſwer d; but ſince he ſays, that the experi- 
ments, concerning the adheſion of the finger, c. ſucceed equally in a cloſe 
and open place, I wiſh he had told us what way he took to make them ; for, 
in ordinary rooms, there ſcarce ever wants a communication betwixt the 
internal and external air, by means whereof, the weight of the atmoſphere 
has its efleft within the room. 


Our author ſuppoſes, that what we aſcribe to the {pring, 8 ale 
a thin miz'd. 8 


of the air, is performed by a ſort of Funiculus, conſiſting 
ſtance, greatly expanded; u ug between two bodies, endeavours 
to contract itſelf, and to bring bodies together, to avoid a vacuum; 
by nature's abhorrence whereof, he, at length, ſolves all phenomena. 

His firſt argument for this is, that the finger would not be drawn down, 
by the deſcent of the mercury in the Torricellian tube, were there not a Fu- 
| _ and that, were nothin ſubſtance there extended, a vacuum muſt 


ue. 
But this argument being deduced from the ſuction of the pulp of the 
finger, upon the deſcent of the mercury, has been anſwer'd already. Ano- 
ther argument, which he alledges againſt a vacuum, is, the tranſparency 
of that part of the tube, where tis {aid to be: for, were there a vacuum, 
Vol. IL Pppp he 
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658 


The Pneumatital Experiments defended. 


es he ſays, it would be like a black pillar, neither able to afford any thing viſible, 


nor to permit objects to appear thro it. | 

But the invalidity of this aſſertion appears from the doctrine of the ato- 
miſts, who teach, that light is made up of ſuch ſubtile effluvia, as are a- 
ble to penetrate glaſs, and, therefore, may leave many vacuities, tho' the 
cavity of the cylinder ſeems full of it ; and nodoubt, were the parts of the 
lucid matter contracted, they would not fill one tenth of that ſpace ; fince the 
ſmoke, which fill'd our receiver, ſo as to make it appear opake, poſleſs'd, 
when condens'd, only a ſmall part thereof. | 

Thus a room may appear full of the ſmoke of a perfume, tho', if all the 
corpuſcles that compoſe the ſmoke were re-united, they would make up 
but a ſmall paſtil. A little camphire, alfo, will fill a room with its odour; 
but having, in well clos'd glaſſes, caught the fumes of it driven over by 
heat, and again reduced them into true camphire, I found its bulk very in- 
conſiderable, in compariſon of the ſpace it poſſeſſes, when its ſcented cor- 
corpuſcles are ſcatter'd throꝰ the air. | 

might add, that if the Torricellian experiment ſucceed in the dark, it may 

well be doubted, whether our author's argument will hold. For if he en- 
deavours to prove, that the place in queſtion was full in the dark, becauſe, 
upon letting in the light, a light appears within it; we may reply, that this 
light is a new one, flowing from the lucid body, that darts its corporeal rays 
thro? the glaſs and ſpace in diſpute, which, for want of ſuch corpuſcles, 
were not, juſt before, viſible. * | | 

And, ſuppoſing light to be made by a propagation of the impulſe of 
lucid bodies thro? tranſparent ones, yet it will not thence follow, that the 
deſerted part of the tube muſt be full : in one of our experiments, tho' 
many of thoſe groſs aerial particles, that appear neceſſary to convey a lan- 
guid ſound, were ſoon drawn out of the receiver, yet there remain d ſo 
many, that the others were not miſs'd, till a far greater number was ex- 
tracted; and thus there may remain matter enough to tranſmit the impulſe 
of light, tho betwixt the particles of that matter there ſhould be numberleſs 
vacuities: yet our author pretends to prove abſolutely, that there is no 
vacuity in the diſputed ſpace. And ſhould a Carteſian ſay, the deſerted part 


of the tube is filled with Materia ſubtilis, he muſt allow the preſſure of the 


outward air to be the cauſe of the ſuſpenſion of the quick-ſilver; for tho 
the Materia ſubtilis may readily fill the ſpaces deſerted by the mercury; yet 
that within the tube cannot hinder ſo ponderous a liquor from ſubſiding as 
tow as the ſtagnant mercury: ſince the whole tube, being pervious to that 


ſubtile matter, it may, with like facility, ſucceed, in whatever part of it 


ſhall be forſaken by the quick-filver. © | 
Our author's next argument is, that the mercurial cylinder, reſt- 
ing at its wonted ſtation, does not gravitate; as appears by applying 
the finger to the immerſed, or lower orifice of the tube: whence he 
infers, that it muſt, of neceſſity, be ſuſpended from within the tube. 
And, indeed, if the finger be applied to the open end of the tube, before 


tis quite lifted out of the ſtagnant mercury, the experiment will * 
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the finger, however, will feel a gravitation, or preſſure, of the glaſs-tube, nne 


and the contained mercury, as of one body; but no. ſenſible preſſure of 
the mercury a-part, as if it endeavoured to thruſt away the finger from 
the tube. Now, according to our hypotheſis, the mercurial cylinder, 
and the air, balancing one another, the finger ſuftains not any preſſure, 
ſenſibly differing from the ambient air, that preſſes againſt the nail, and 
ſides of it, and from the included 2 that jully againſt the pulp. 
Bur if the mercurial cylinder ſhould exceed the uſual length, then the _ 
would feel ſome preſſure from that additional quick-ſilver, which the air 
does not aſſiſt the finger to ſuſtain: ſo that this phenomenon may as well 
be ſolved on our hypotheſis, as on our author's. But how comes the mer- 
cury in the tube, when of a due altitude, to run out, upon removal of the 
finger beneath, if it be ſuſtained only by an internal cord; and, when 
that ſuſtains it, to reſemble a ſolid body, if the preſſure of the external air 
has no ſhare in it ? | | | | 
If it be here ſaid, that the finger muſt feel great pain, by being ſqueezed 
betwixt a pillar of thirty inches of quick- ſilver, and an equivalent preſſure 
from the atmoſphere ; we muſt obſerve, that, in fluids, a ſolid has not that 
ſenſe of 2 from ſurrounding bodies, which men are apt to imagine; as 
appears from divers: and I am informed, that the learned Maignau, tho 
he purpoſely thruſt his hands, three or four palms deep, into quick-ſilver, 
his fingers were not ſenſible of any weight, or preſſure. | 
Laſtly, our author tells us, that thoſe remarkable vibrations the 
* quick-ſilver makes, in its deſcent, favours his hypotheſis.” But this 
phenomenon, alſo, is _y ſolved on our hypotheſis: for when the ex- 
periment is made in a cloſe place, as our receiver is, mercury, by its ſud- 
den deſcent, acquires an impetus, beſides the preſſure it has upon account 
of its gravity : whence it, for a while, falls below its ſtation, and thereby 
compreſſes the air that reſts upon the ſtagnant mercury; which air, by its 
own ſpring, again forcibly dilating itſelf, to recover its former extenſion, 
expands beyond it, and thereby impels up the quick-filver ſome what above 
its wonted ſtation ; in its fall from whence, it again acquires a power to 
compreſs the air : and this reciprocation of preflure, betwixt the quick- 
ſilver, and the external air, decreaſing by degrees, at length wholly ceaſes, 
as the mercury loſes that additional, preſſure it acquired by falling from 
parts of the tube, higher than its due ftation. But this way of explicating 
theſe vibrations, is not 8 in the free air; for if we conſider the at- 
moſphere only as a weight, and allow an impetus acquired by deſcent, the 
e will be eaſily explained by a balance, wherein one of the 
cales chancing to be depreſſed, they do not, till after many vibrations, re- 
gain their equilibrium. | | 
I took a glaſs-ſiphon, whoſe two legs, unequal in length, were parallel, 
and both perpendicular to that part of the pipe which joined them; and 
poured quick-filyer into it, till twas ſome inches high, and equal in both 
legs; then the ſiphon, being inclined, till moſt part of the quick- ſilver was 
fallen into one of the legs, I ſtopped the orifice of the other with my 


| 
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finger: and, erecting the ſiphon again, tho the quick-ſilver were forced 
t ſled a little in that ſtopped leg ; yet, becaufe my finger prevented 
the air from getting away, the quick- ſilver was kept much lower in the 
ſtopped leg than in the other : but if, by ſuddenly removing my finger, I 
gave vent to the included compreſſed air, the preponderant quick-filver, 
in the other leg, would, with the mercury in the open one, make ſeveral 
undulations before, in Both legs, it reſted in an equilibrium. Now, in 
this caſe, there is no pretence for a Funiculus of violently diſtended air, 
to cauſe the vibrations of the mercury. 

wo roy are many particulars which render the funicular hypotheſis 
im EE 
And firſt, our author acknowledges, that quick- ſilver, water, wine, Cc. 
as well one as another, will deſcend in tubes, exactly feal'd at the top, 
in caſe the cylinder of liquor exceed the weight of a mercurial cylinder of 
twenty- nine inches and a half, but ſubſide no longer than till it is a ba- 
lance to a cylinder of quick-filver of that height. Now it's very ſtrange, 
that, whatever the liquor be, there ſhould be juſt the ſame weight, or 
ſtrength, to extend them into a Funiculus, And this is the more furpri- 
zing, becauſe our author makes ſo great a difference betwixt the diſpoſi- 
tion of bodies of various conſiſtences to be extenuated into a Funiculus, that 
he will not allow any human force able to produce one by the divulſion of 
two flat marbles, in caſe the contact of their ſurfaces were ſo exquiſite, 
as quite to exclude all air; tho his . plainly agrees with experience, 
that adhering marbles may be forcibly ſevec'd ; and, therefore, according to 
him, the ſuperficial parts may be diftended into a Pzicubes, that prevents a 
Vacuum. But our bypotheſis labours not under this difficulty; for the weight 
of the external air, being that, which keeps liquors ſaſpended in ſeal'd 
tubes, it matters not of what nature or texture the fuſpended liquor is, 
provided its weight be the ſame with that of a mercurial cylinder equipon- 
derant to the aerial one. 
In the next place, I obſerve, that the account our author gives of his 
Funiculus, is much more ftrange than ſatisfactory, and not made out by any 
ueſtionable parallel operations of nature: whereas, the weight 
and ſpring of the air may be inferr'd from ſuch certain experiments, as are 
not concern d in the preſent controverſy. For the gravity of the air may be 
manifeſted by a pair of ſcales; and its ſpring is diſclos'd fo clearly in Wind- 
guns, and other inſtruments, that our author does not deny it. But in the 
explanation of his Funiculus, he would have us remark two things; firft, 
© that the quick-filver which fills the whole tube, doth not only touch the 
* top of it, but firmly ftick to it ; and that the finger adheres to the mercury; 
** fince tho the orificeof the tube be oiF'd, that will not hinder it from Rick 
* ing, as firmly as before.” But two bodies, by truſion, may eaſily be 
made to ftick together, as much as the tube and finger do, tho one of them 
be oild; beſides, this adheſion of the finger to the tube will happen, not 
only when the ſurface of the included quick: ſilver is contiguous to the fin- 
ger, but many inches below it. Water and quick-{ilver, he ſays, 9 
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by ſuction, © becauſe the parts of the air inetuded in the tube, are now foN C- 


firmly glued to one another, that they make a ſtrong chain, whereby the 
* water and quick- filver are drawn up.“ Which way of wreathing a lit- 
tle rarified air into ſo ſtrong a rope, is highly improbable. 

Secondly, he fays, that the rarifaction, or extenſion of a body, ſo 
*as to make it take up more ſpace, is not only cauſed by heat, but by 


* diſtenſion, or, a certain disjoining power; as condenſation is not only 


©* made by cold, but, alſo, by compreſſion.” And, tis true, and obvious, 
that the condenſation of bodies, (taking that word in a large ſenſe) may 
be made as well by compreſſion, as cold. But, I wiſh he had more 
clearly expreſs'd, what he means, in this place, by that rarifaction, which, 
he ſays, is to be made by a disjoining power; whereof, he tells us, there are 


innumerable inſtances. For, as far as may be gather d, from the three ex- 


amples he ſubjoins, tis only the air that is capable of being ſo extended, 
as his hypotheſis requires quick-ſilyer, and, even ſtones, to be. And, how 
will he prove, that even air may be thus extended, to fill two thouſand 
times the ſpace it poſſeſs d before > For, that the ſame air, adequately 
fills more ſpace at one time, than another, he proves but by the ruſhing of 
water into the evacuated glaſs, and almoſt filling it; which, he ſays, is 
done by the diſtended air, that contracting itſelf, draws up the water with 
it. The explanation he gives of his Funiculus, is this: © Since tis manifeſt, 
o that the quick-filver ſticks to the top of the tube; and that rarifaction 
is made by the mere diſtenſion of a body, it happens, that the deſcend- 
„ing quick- ſilver leaves its upper ſuperficies fix d to the top of the tube; 
« and, by its weight, ſo ſtretches, and extenuates it, till it becomes ea- 
* fier to leave another ſuperficies, in like manner, than to extend that any 
further. It leaves, therefore, a ſecond ; and, by its deſcent, extends 
* that a little further, till it becomes eaſier to ſeparate a third, than to 
« extend that any more; and fo on, till, at length, it hath no power to 
* ſeparate, or extend any more ſurfaces, when it comes to the height of 
*'29 + inches, where it reſts.” Hence tis eaſy to diſcern, that he is oblig'd 
to aſſign his Funiculus a ſtrange and unparallel'd way of production. Now, 
I muſt demand, by what force, upon the bare ſeparation of the quick- 
ſilver, and the top of the tube, the new body, he mentions, comes to be 
aduced ; or, how it appears, that the mercury leaves any ſuch thing, as 
ſpeaks of, behind it > For, the ſenſe perceives nothing of it at the top 

of the tube; nor, is it neceſſary to explain the phenomena; as we have for- 
merly ſeen. And how ſhould the bare weight of the deſcending mercury, 
be able to extend a ſurface into a body? Beſides, the ſucceſſion of ſur- 
faces is a chimera : or, ſuppoling ſome of the quick-ſilver were turn d in- 
to a thin, ſubtile ſubſtance, yer, how comes that fubſtance to be contriv'd 
into a Funiculus of fo firange a nature, that ſcarce any weight can break 
it; and that, contrary to all other ftrings, it r . ſtretch d, without be- 

ing more ſlender, and obtains other very 5 


commg properties? 
Our author ſays, indeed, that © theſe furfaces ſeem to be ſeparated + 
* from the quick-lllver, and to be extended into a moſt mm 
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the wax twas made. gf. nt f little 
gregate of thoſe corpulcles, which, before, lay upon the upper ſu- 


and inviſible hooks, find innumerable ooh in ſmooth bodies, to take hold on 
er of quick-ſilver ; and draw in- 


when the Fmiculus once lays hold on their ſuperficial corpuſcles, preſently, 


like conſiſtent bodies, be drawn up, in one entire continued piece; thoug 
oe | aa | ven 
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even in the exhauſted receiver, they appear, by many ſigns, to continue Run 
fluid. 1d dane ano ee eee 
I know, that by calling this extenuated ſubſtance, a Funiculus, he in- 
timates, that it has its ſpring inwards, like lute- ſtrings, and ropes forci- 
bly ſtretch d; but there is no ſmall diſparity betwixt them: for, in ſtrings, 
there is requir'd either wreathing, or ſome peculiar; and artificial texture 
of the component parts; but, a rarifaction 4 does not infer any ſuch 
contrivance of parts, as is requiſite to make bodies elaſtic. And, ſince 
lute-ſtrings, Oc. muſt, when they ſhrink inwards, either fill up, or leſſen 
their pores, and increaſe» in thickneſs,” as they diminiſh in length; our 
author's Funiculus differs widely from them; ſince it has no pores to re- 
ceive the ſhrinking parts; and contracts its length, without increaſing its 
thickneſs. Nor does it, to me, ſeem very probable, that when, for in- 
ſtance, part of a poliſh'd marble is extended into a Funiculus, that Funi- 
culus ſtrongly aſpires to turn into marble again. And tis very unlikely, 
that the ſpace, our author would have repleniſſid with his funicular ſub- 
ſtance, ſhould be full of little, highly-ftretch'd ſtrings, that lay faſt hold 
on the ſurfaces of all contiguous bodies, and always violently endeavour to 
ull them inwards. For, a pendulum being fet a moving, in our ex- 
hauſted receiver, vibrated as freely, and with the ſtring as much ſtretch'd, 
as in the common air. Nay, the balance of a watch did there move free- 
ly ; which is hard to conceive, if the moving bodies were to break thro 
a medium conſiſting of innumerable ftrings, exceedingly ſtretch d. And 
'tis ſtrange, if theſe ſtrings, thus cut, or broken, by the paſſage of theſe 
bodies thro them, could ſo readily have their parts re- united, and imme- 
diately be made entire again. And, in this caſe, the two divided parts of 
each ſmall ſtring, do not, like thoſe of other broken ſtrings, fly back from 
one another, but meet, and unite again; yet, when in the —— 
periment, the tube, with the contain d mercury, is ſuddenly lifted out of 
the ſtagnant quick- ſilver into the air, the Funiculus fo ſtrangely contracts 
itſelf, that it quite vaniſhes ; ſo that the aſcending mercury may riſe to the 
very top of the tube. 
this is not all that renders our author's hypotheſis improbable ; 
for it neceſſarily ſuppoſes ſuch a rarifaction, and condenſation, - as is un- 
intelligible. : | 3 i180 
We. muſt here premiſe, that a body is commonly ſaid to be rariſied, or The nature of 
dilated, when it acquires greater dimenſions than it had before; and tone 
be condenſed, when it is reduced to leſs dimenſions, that is, into a leſs 
ſpace ; and that there are three ways of explaining rarifaction: for, ei- 
ther we muſt ſay, that the corpuſeles whereof the rariſied body conſiſts, 
depart from each other, ſo that no other ſubſtance comes in between them, 
to fill up the deſerted ſpaces ; or, that theſe new interftices, are but di- 
lated pores, repleniſſid, as thoſe of a tumid ſpunge by water, with ſome ſub- 
tile ethereal ſubſtance ; or, laſtly, that the ſame body does not only obtain 
a greater ſpace in rarifaction, and a leſſer in condenſation ; but, ade- 
quately, and exactly fills. it: and ſo, when xaritied, . acquires larger di- 
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ne menſions, without leaving any vacuities betwixt its component corpuſcles, | 


or admitting-any new, and extraneous ſubſtance between them. 
- *Lis to this laſt — rarifaction, that our author has recourſe, in 
this hypotheſis ; tho, I confeſs, it appears to me ſo difficult to be con- 
_ ftatelian rarifaction. For the eaſier conſideration of this matter, let us 
ceiv'd;, that L doubt whether any phenomenon can be explain'd by it. Let us 
e in the Magdeburg experiment, he ſo oſten urges to prove his hy- 
potfieſis, that the undilated air, which, as he tells us, poſſeſsd about half an 
inch of ſpace, conſiſted of 100 parts, twill not be deny d, that as the aggre- 
gate is adequate tothe whole ſpace it fills, ſo each of the 1 oo parts is, like wiſe, 
ade quately commenſurate to — a which is 100th part of the 
whole. Now, our author ſays, that ** if a body poſſeſſes twice as much ſpace, 
* each of that body muſt do the ſame.” Whence the whole capacity 
of the ſphere, which, according to him, was 2000 times bi than the 
ſpace poſſeſs d by the unexpanded air, there muſt, likewiſe, be 2000 parts 
-of ſpace, commenſurate, each of them, to one of the aforeſaid rooth parts 
& air ; and, conſequently, when he affirms, that half an inch of air poſ- 
ſeſs d the whole cavity of the „it we will not admit, as he does not, 
either vacuities, or ſome ſubtile ſubſtance in the interſtices of the aerial 
particles, each part of air muſt, adequately, fill 2000 parts of ſpace. Now, 
that this ſhould be reſolutely taught, to be really, and regularly done, in 
the Magdeburg experiment, will, queftionleſs, appear very abſurd to the 
Cartefiaus, and thoſe other philoſophers, who take extenſion to be but noti- 
onally different from body; and, conſequently, impoſſible to be acquir'd, 
or loft, without the addition, or detraction of matter: and will, I doubt 
not, A ſtrange to every one who conſiders how generally extenſion is 
-.atlow'd mſeparable, and immediately to flow from matter; and bodies to 
have a neceſſary relation to a commenſurate ſpace. Nor do I ſee, if one 
portion of air ſo eaſily be brought, exactly to fill a ſpace 2000 times 
as great as that it did but fill before, without the addition of any new 
Fabſtance, the matter contain'd in each of theſe 2000 parts of. ſpace, 
ay not be farther —_ to fill 5 — Horm — = * _ of 
theſe newly repleniſh'd ſpaces, is preſum d to be exactly fill'd with body; 
and no 3 a which the — air repleniſh's 
can be more than adequately full. And ſince, according to our author, 
not only ſſuids, but even ſolids, as marble, are capable of ſuch a diften- 
ſion; why may not the world be made many thoufand times bigger than it 
is, without either admitting a vacuity betwixt its parts, or being increas'd 
with the addition of one atom of new matter? 
He further attedpes, that the phenomena of rarifaction cannot be ex- 
plain'd, either by vacuities, or the ſub- ingreſſion of an ethereal ſubſtance; 
and A ate two ways of explaining that kind of it, which he con- 
After our author's objections againſt the two ways of rarifaction pro- 
poſed ; the one by the vacuiſts, and the other by the Carrefiazs, who admit 
the moſt ſolid bodies, and, even glaſs itſelf, to be pervious to an ethereal, 
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or ſubtile matter, he attempts to explain the manner by which his ownP*revxaricc: 
rari faction is perform'd; and having premis d, that the explanation of the WY 
way how eac 2 of the rarified body becomes extended, depends upon 

the quality of the parts into which the body is ultimately reſolv d; and, 

having truly obſerv d, that they muſt, neceſſarily, be either really indivi- 

ſible, or endleſly diviſible, he endeavours to explain the Ariſtotelian rari- 

faction, according to theſe two hypotheſes. But tho* he thus propoſes 

two ways of making out his rarifaction, yet they are irreconcilable ; and 

he ſpeaks of them very doubtfully, and obſcurely. 

And, firſt, having told us how rarifaction may be explain'd, if we admit 
bodies to be diviſible in infinitum, he makes an objection againſt the in- 
finity of parts in a continuum, whereto he gives ſo dark an anſwer, 
that, I confeſs, I do not underſtand it. a8, 2 

And 'tis not clear to me, that even ſuch a diviſibility of a continuum, 
as is here ſuppoſed, would make out the rarifaction he contends for: 
ſince, let the integrant parts of a continuum be more or leſs finite, or in- 
finite in number, ſtill each part, being a corporeal ſubſtance, muſt 
have Tome particle of ſpace commenſurate to it; and if the whole bod 
be rarified, for inſtance, to twice irs former magnitude, then will eac 
part be, likewiſe, extended to double its former dimenſions ; and fill both 
the place it took up before, and another equal to it ; and, conſequently, two 
places. I will not, however, pretend to affirm which of the two ways, 
by atoms, or by parts infinitely diviſible, our author declares himſelf for: 
but, whichſoever of them it be, I think he has nor intelligibly made it out; 
as himſelf ſeems willing to confeſs. So that, in his diſcourſe of rari- 
faction, to which our author frequently refers, as that which ſhould make 

what ſeems the moſt improbable, he has, inſtead of a probable 
hypotheſis, ſubſtituted a doctrine which himſelf dares not pretend 
capable of being well freed from the difficulties with which it may be 


As for the other way of explaining rarifaction, by ſuppoſing that a 
body is made up of parts indiviſible, he is, upon this hypotheſis, reduced 
to allow, that one and the ſame part muſt be in two places adequately; 
© for fince it is indiviſible, and takes up a greater ſpace than before, it 
© muſt, of neceſſity, be alſo in every point of that ſpace ; or be virtually 
© extended thro' all that ſpace.” When, therefore, he, preſently after, 
affirms, that by this virtual extenſion of the parts, the difficulties 
which have, for ſo many ages, perplex'd philoſophers, may be eaſily ſol- 
ved, he muſt give me leave to deſire he would explain what this extenfo 
virtualis is 4 and how it will remove the difficulties charged upon the Ari- 
ſtorelian rarifaction. For the eaſier conſideration of this matter, let us re- 
ſume what we lately ſuppos d, that, in the Magdeburgic experiment, the half- 
inch of undilated air, conſiſted of a hundred corpuſcles; I demand, how the 
indiviſibility of theſe corpuſcles will qualify them to make out ſuch, a ra- 
rifaction, as our author imagines ? For, what does their being indiviſi- 
ble, in this caſe, but make it the leſs "intelligible, how they can fill above 
Vol. II. Qqqq | too 
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Fauna. 190 parts of ſpace? He will anſwer, they are virtually extended. But, 


not here to queſtion, how this indiviſibility makes them capable of being 


fo; I demand, whether by an atom's being virtually extended, its corpo- 
real ſubttance does really fill more ſpace than it did before, or not > If 
it do, then ' tis a true, and real, ind not barely a virtual extenſion : but 
ſuch an extenſion, we have ſhewn, will not ſerve the turn; and our au- 
thor ſeems to confeſs as much, by deviſing this virtual extenſion, to avoid 
the inconveniencies to which he: ſaw his. doctrine of rarifaction would 
otherwiſe be expoſed. But if it be ſaid, that when an atom is virtually 
extended, its corporeal ſubſtance fills no more ſpace than before; I de- 
mand, how that which is not a ſubſtance, can fill # ſpace; and how this 
improper, and only ry 6s extenſion, will ſolve the phenomena of 
rarifaction? As how the half-inch of air, at the top of the fore-mention'd 
ſphere, ſhall, without a corporeal extenſion, fill the whole cavity of 2000 times 
its bigneſs, when the water is fuck d out of it, and act at the lower-part 
of the ſphere? For, our author teaches, that the whole globe was fill d 
with a certain thin fubſtance, which, by its contraction violently ſnatch'd. 
up the water wherein the neck of the glaſs was immers d. And, in a pa- 
rallel caſe, he makes it his grand argument; to prove, there is no vacuum 
in the deſerted part of the tube, in the Torricellian experiment, that the 
attraction of the finger cannot be but from ſome real body. = 

Our author's. Funiculis, alſo, ſuppoſes: a condenſation, that, to me, 
appears incumber'd with no leſs- azicutties. For, fince he teaches, that 
a body may be condens'd, without either having any vacuities for the 
compreſs d parts to retire into; or, having its pores fill'd with any ſub- 
tile, and yielding matter, that may be ſqueezed out of them; it follows, 
that the parts of a body to be condens'd, immediately touch each other: 
which ſuppoſed, I demand, how bodies, that are already contiguous, can 
be brought cloſer, without penetrating each other à So that-Hee not how 
this. condenſation can be. perform'd, without: penetration of dimenſions. 
In the Magdehirrgic experiment, he tells us, that the whole oy of the 
globe is filld with an extremely rare body; which, according to him, in- 
tercepts neither pores, nor any heterogeneous ſubſtance. Now let us conſi- 
der, that before the admiſſion of . water into the exhauſted globe, there- 
was, according to him, 2000 half- inehes of a true. and real body; and 
that, after the admiſſion of the water, there remain'd, in the ſame globe, 
no more than one half-inch of body beſides. Since; then, our author does. 
not pretend, that the 1999 half-inches of matter; that now appear no more, 
travers d the body of water; and ſince he will: not allow, that it gets a- 
way thro the pores of the glals, I demand; what becomes of ſo great a 
quantity of matter*?-- For that tis annihilated, L ſuppoſe, he is. too ra- 
tional to pretend ;; and to ſdy, that fo many parts of matter, ſhould be 
retir d into that one part of ſpace that contains the half- inch of air; is. 
little leſs incredible: for, that ſpace was. ſuppos d perfectly full of body 
before; and how a thing can be moro than perfectly full, who can con- 
ciye.?. In ſhort, according to our author's way of condenſation, pas org 
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quately fill'd with one of them apart. And, if this be not penetration 
of dimenſions, I deſire to be inform'd what is . 


Bur as the hypotheſis I am oppoſing, is a kind of inverſion of ours; The 


were true, lauſibly explicable by it; the ſame'motions, in an inter- 
mediate body, — in many caſes, producible alike, whether we ſup- 

ſe it to be thruſt, or drawn; provided, both the endeayours tend the 
{ame way. But then we may be ſatisfied, whether the effect be to be 
aſcrib'd to pulſion, or to traction, if we can find out an experiment, 
wherein there is a reaſon that ſuch an effect ſnould follow, iticals” pulſion 
be the cauſe inquir'd after; and not, in caſe it be traction. And ſuch 
an experimentum crucis is afforded us by M. Paſchal, who obſerv'd, that 
the Torricellian experiment, being made at the foot, and in different parts of 
a very high mountain, after he had aſcended an hundred and fifty fathom, 


the quick-ſilver was fallen two inches and a quarter below its ſtation 


at the foot of the mountain; and that at the very top of the hill, it had 
deſcended above three inches below the ſame ſtation. Whence it appears, 


that the quick-ſfilyer being carried up towards the top of the atmoſphere, 


falls down the lower, proportionably to the height of the place wherein 
the obſervation is made: the reaſon of which, on our hypotheſis, is, that 
the nearer we come to the top of the atmoſphere, the ſhorter, and lighter 


is the cylinder of air, incumbent upon the ſtagnant mercury; and, conſe- 


quently, the leſs * of mercury will that air be able to balance, 
and keep ſuſpended. 

lows upon ours, and not upon our author's hypotheſis, it ſeems to de- 
termine the controverſy ; becauſe; in this cafe, it cannot be pretended, 
that the deſcent of the quick - ſilver, in the tube, is caus'd from the pre- 
ternatural rarifaction, or diſtenſion of the external air, when, by trying 
to reſtore itfelf, it endeavours to draw up the ſtagnant mercury: for, 
there appears no ſuch forcible dilatation of thatair, as in many of the 
phenomena of our engine, he is here pleafed to imagine. | 

To this experiment he replies but two things, which, neither fingly, 
nor together, will amount to a ſatisfactory anſwer. _ . 

And firſt, he queſtions the truth of the obſervation itſelf, becauſe, ha- 
ring made trial on a low hill, the event did no ways anſwer his expectation. 
But Gaſſendus relates, that the obſervation was five times E te with cir» 
cumſtances, which ſufficiently argue the diligence wherewith the experiment 
was made: and, I can confirm theſe obſervations, by two more made on hills 
in England. But, however the proportion of the deſcent of the quick-ſilyer 
may vary according to the different conſiſtence, and other accidents of the 
air, in the particular places, and times of the experiments being made; 
yet all obſervations in this, that nearer the top of the atmoſphere 
the quick- ſilver falls lower, than when further from it. And, in one of 
theſe experiments, a determinate quantity of air being left in the tube, 


qqq2 before 


nd, ſince this noble phenomenon, thus clearly fol- 
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perhaps, two thouſand bodies, may be crowded into a ſpace that is ade- P*ruxarier 


preſſure, 
ſuppoſing the ſpring, or motion of reſtitution in the air, to tend inwards, ;, Jp" ng of 


as, according to us, it tends outwards, many of the phenomena would, if it. 
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bebore the mouth of it was open'd, under the ſtagnant mercury, and notiee 
| taken how low ſach a quantity of that air depreſs'd the mercurial cylinder, 
twas obſerv'd, that at the mountain's foot, the included air was not able to 
depreſs the quick-filver ſo much. Whence we infer, that the cylinder of 
air, at the top of the hill, being ſhorter and-lighter, did not fo ſtrongly preſs 
againſt the included air, as did the ambient air at the bottom of the hill, 

where the aerial cylinder was longer, and heavier. 

We, alfo, attempted a trial, wherein we hoped to find a ſenſible difference 
in the weight of the atmoſphere, in a far leſs height, than that of an ordinary 
hill. But inſtead of a common tube, we made uſe of a weather-glaſs, and: 
inſtead of quiok-ſilyer, employ d common water in the pipe belonging 
to the glaſs; that ſmall changes in the weight or reſiſtance of the atmo- 
ſphere, in oppoſition to the included air, might be the more diſcernible, 

The inftrument, we made uſe of conſiſted only of a glaſs AB, with a: 

'Fig.83;: broad foot, a narrow neck, and a ſlender glaſs pipe CD, open at both: 
ends; the pipe. ſo plac'd, that the bottom ofit, almoſt reach d to the bot- 
tom of the bigger glaſs AB, within whoſe neck A, it was faſten'd with. 
a: cloſe cement, that both kept the pipe in its place, and hinder'd all 
communication betwixt the inward II, and the outward air KK, except 
by the- cavity of the pipe CD. Now we choſe this glaſs AB, more than 
ordinarily capacious, that the effect of the dilatation of the included air II, 
might be the more conſpicuous. ., Then conveying a convenient quantity of 
water HD, into this glaſs, we carry'd it to the leads of the abbey-church at 
Weſtminſter, and there blew in a little air, to raiſe the water to the upper 
part of the pipe, that, being above the veſſel AB, we might the more pre- 
ciſely mark the ſeveral ſtations of the water. Afterward, having ſufter'd 
the glaſs to reſt a pretty while upon the leads, that the air IL, within, might 
be feduced tothe ſame ſtate with KK, that without; having mark d the fta- 
tion of the water F, we gently let down the veſſel by a ſtring to the foot of 
the wall, where one attended to receive it, who having ſuſſer d it to reſt 
upon the ground, told us, that it was ſubſided about an inch below the 
mark F; whereupon, having order d him to put a mark at this ſecond ſta- 
tion of it E; we drew up the veſſel again, and ſuffering it to reſt:a while, 
obſerv'd the water to be re-aſcended to the firſt mark F, which was, indeed, 
about an inch above E: and this we did a ſecond time, with almoſt a like 
ſucceſs; tho, two or three days after, the wind blowin ſtrongly upon 
the leads, we found not the experiment to ſucceed quite ſo regularly ;, yet 
the water, always, manifeſtly, fell lower at the foot of the wall, — at. 
the top. But, to avoid miſtakes, and prevent 8750 ve made the ex- 
periment within the church, at the ſame height WII „A but the 
upper part of the pipe being, accidentally, broken off, we order d the mat- 
ter ſo, that the ſuriace G, of the remaining water in the pipe, ſhould. be 
about an inch higher than the ſurface of . in the veſſel. And then, 
letting down the glaſs, I found that, almoſt, as ſoon; as it was fettled 
upon the pavement, it was not only fallen as low as the other water, 
but the cutward air depreſs d it 1o far, as, whilſt I was looking on 
: 12 t 
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to break in below the bottom of the pipe, and aſcend thro? the water inbezazee 


bubbles; after which, the glaſs being drawn up again, the water was, very 
manifeſtly, re-aſcended. Hence tis evident, that the atmoſphere gravi- 
tates more, ceteris paribus, near the ſurface of the earth, than in the more 
elevated parts of the air : for the leads, on which we made our trials, 
were found, in perpendicular height, but 75 feet. 

Bu:, for an experiment of the {ame kind, made at a greater height, take 
the following, communicated by Dr. Power. 


On the 15th of October, 1661, we took. a weather-glaſs AB, about Fig. #4. 


two feet in length, and carrying it to the bottom of Hallifax-hill, the 
water ſtood in the ſhank at 13 inches above that in the veſſel : thence” 
carrying it, thus filld, with the whole frame, immediately to the top of 
the {aid hill, the water fell down to the point D; that is, an inch and a 
quarter lower than it was at the bottom of the ſaid hill ; which proves the 
elaſticity of the air : for the internal air AC, which was of the ſame power 
and extenſion with the external, at the bottom of the hill, manifedted 
greater elaſticity, than the mountain- air there manifeſted preſſure ; and fo 
extended itſelf further by CD. 

The like experiment, L hear, the ſame ingenious perſon has lately re- 
ted, and found the deſcent of the water to be greater than before. 

And tho* ſome have thought it ſtrange, that, on a hill, far inferiour to the 
Alþs, and Appennines, ſo ſhort a cylinder of water ſhould fall ſo much; 
yet I ſee not any reaſon to diſtruſt, upon this ground, either this experi- 
ment, or ours made at Weſtminſter ; but rather wonder the water fell no 
more, if the hill be conſiderably high: for their ſuſpicion ſeems grounded 
on a miſtake ; as if becauſe the quick-ſilver, in the Torricellian experiment, 
made without purpoſely leaving any air in the tube, would not at the top 
of the endend hill, have ſubſided above an inch, the water, that is near 
14 times lighter, ſhould not fall above a 14th part of that ſpace ; whereas, 
in the Torricellian experiment, the upper-part of the tube has little, or no 
air left in it, while the correſpondent part of the weather-glaſs contain d 
air, whoſe preſſure was little leſs than that of the atmoſphere at the bot- 
tom of the hill; and, conſequently, muſt be much greater, than the preffare 
of the atmoſphere at the top of the hill. 48 | wha 

Another particular, which confirms our hypotheſis, is that experiment 
made by the ſame M. 3b La9 by carrying a flack-blown foot-ball, from 
the bottom to the top of an high mountain ; for, the foot-ball. gradu- 
ally. ſwell'd, the higher it was carry'd.: ſo that ar the top of the moun- 
tain it appear'd as if it were full-blown ; and. became gradually lank a= 

ain, as it was carry d downwards; ſo that, at the foot of the hill; it was 
faccid as before. We have here an experiment to prove our hypotheſis, 
wherein recourſe cannot be had to any body, forcibly, and preternaturally 
diſtended, ſuch as is pretended to remain in the def ſpace of. the . 
tube, in the Torricellian experiment, 

But, further, our author's hypotheſis is needleſs ; for, he denies not 


that the air has ſome weight and ſpring, but affirms it very inſufficient 
do 
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* Puzvxati%s to counterpoiſe a mercurial cylinder of 29 inches. We ſhall, therefo 
doo endeavour to manifeſt b „ e N e made, that the * 
»-7ht eleftic of the air. is capable of performing far more than is neceſſary to ſolve the 
force of cm- phenomena of the Torricellian experiment. We took a long glaſs tube, 
o bent at the bottom, that the part turned up, was almoſt parallel to the 
afra. Teſt of the tube; and the orifice of this ſhorter leg being hermetically ſeal'd, 
the length of it was divided into inches, each of which was ſub-divided 
into eighths, by a liſt of paper carefully gone along it.: then putting in 
as much. quick-filver as fill'd the bended part of the ſiphon, that the 
mercury ſtanding in a level, might reach, in the one leg, to the bottom 
of the divided paper, and juſt to the ſame height, in the other; we took 
care, by frequently inclining the tube, that the air, at laſt, included in 
the ſhorter cylinder, ſhould be. of the ſame laxity with the reft of the air 
' about it. TY his done, we began to pour quick-ſilver into the longer leg 
of.the ſiphon ; which, by its weight, preſſing upon that in the a 
age ſtraitned the included air; and continuing to pour in quick- 
. filyer, till the air, in the ſhorter leg, was, by condenſation, reduced to 
take up but half the ſpace it poſſeſs'd before, we obſerv'd, in the longer 
eg of the glaſs, on which was, likewiſe, paſted a liſt of paper, divi 
into inches, and parts, that the quick-ſilver was 29 inches higher than in 
the other. Hence we ſee, that as, according to our hypotheſis, the air, 
in that degree of denſity, and correſpondent meaſure of reſiſtance, where- 
to the weight of the incumbent atmoſphere reduces it, is able to balance, 
and reſiſt the reſſure of a mercurial cylinder of about 29 inches; ſo, here, 
the ſame air, brought to a degree of denſity, about twice as great as it 
had before, obtains a ſpring twice as ſtrong; being able to ſuſtain, or re- 
fi a cylinder of 29 inches, in the gs. tube, together with the weight 
of the atmoſpherical cylinder, that reſted upon thoſe 29 inches of mer- 


cuxy. 
"FI ter ſome other trials, one of which we made in a tube, whoſe lon- 
ger leg was perpendicular; and the other, that contain'd the air parallel 
to the horizon; we, at laſt, procured a tube, which, tho large, was ſo 
Fig. ss, long, that the cylinder, whereof the ſhorter leg of it conſiſted, admitted a 
lift of paper divided into 12 inches, and their quarters; and the longer 
leg another, ſeveral feet in length, and divided after the ſame manner: 
then quick-filver being poured in, to fill up the bended part of the gla 
that the ſurface of it, in either leg, might reft in the ſame r Vine ; 
more quick- ſilver was pour d into the longer tube: and notice being taken, 
how far the mercury roſe therein, when it appeafd to have aſcended to 
any of the diviſions in the ſhorter; the ſeveral obſervations that were thus 
ſucceſſively made, and ſer down, afforded us the following table. | 
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A TABLE of the Condenſation of the AIR. 
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For the better underſtanding of this experiment, it is proper to obſerve - 


the following particulars. 1. The tube being very tall, we were obliged 
to uſe it on a pair of ſtairs, which were very.well illumined ; and for pre- 
ſervation, it was ſuſpended by ſtrings. 2. The lower, and bent part of 
the pipe, was placed in a ſquare wooden box, large and deep, to prevent 
the loſs of the quick- ſilver. 3. We were two, to make the obſervation to- 
gether ; the one to take notice at the bottom, how the quick- ſilver roſe in 
the ſhorter cylinder; and the. other, to pour it in at the top of the longer. 
4. The quick-ſilver was pour'd in but ſlowly, according to the direction 
of him who obſerv'd below. 5. At the beginning of the operation, that 
we might the more truly diſcern where the quick-ſilver reſted, from time 
to time, we made uſe of a ſmall. looking-glaſs, held in a convenient 
poſture, to reflect to the eye what we deſired to ſee. 6. When the air 
was crowded into leſs than a quarter of the-ſpace it poſſeſſed before, we 
tryd whether the cold of a linen-cloth,..dipp'd in water, would con- 
denſe it: and it, ſometimes, ſeem d a little to ſhrink, but not ſo manifeſtly, 
that we dare build upon it. We then try d, likewiſe, whether heat would. 
dilate it; and, approaching:the flame of a candle to that part where the- 
air was pent up, it had a more ſenſible operation than the cold before; ſo. 
that we ſcarce doubted the expanſion of the air would, notwithſtanding the- 
weight that oppreſs d it, have been made conſpicuous, if the fear of break 
ing the glaſs had. not kept us. from increaſing the heat. This 
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r This ſufficiently proves the principal thing for which I here alledge it; 
ice tis evident, that as common air, when reduced to half its natural 
extent, obtain'd a ſpring, about twice as forcible as it had before; ſo the 
air, thus compreſs'd, being farther crowded into half this narrow room, 
* thereby obtain d a ſpring as ſtrong again as that it laſt had, and conſe- 
uently, four times as ſtrong as that of common air. And, there is no 
cauſe to doubt, that if we had been furniſhd with a greater quantity 
of quick-ſilver,*and a very. ftrong tube, we might, by a further com- 
reſſion of the included air, have made it balance the preſſure of a far tal- 
ler, andheavier cylinder of mercury. For no man, perhaps, yet knows, 
how near to an infinite compreſſure the air may be reduced, by a force com- 
petently increas'd. So that, here our author may plainly ſee, the 
Le of che air can reſiſt, not only the weight of twenty-nine inches, but, 
in ſome caſes, above one hundred inches of quick-ſilver; and this, without 
the aſſiſtance of his Funiculus, which, in our preſent caſe, has no pretence 
to be employ d. And, to ſhew, that the weight of the incumbent atmo- 
ſphere, made a part of the weight reſiſted by the impriſon d air; when the 
mercurial cylinder, in the longer leg of the pipe, was about one hundred 
inches high, we caus'd a man to ſuck at the open orifice, whereupon the 
mercury in the tube conſiderably aſcended : which phenomenon cannot be 
aſcrib'd to our author's Funiculus ; fince, by his own confeſſion, that can- 
not pull up a mercurial cylinder of above twenty-nine or thirty inches. 
And, therefore, the preſſure of the atmoſphere, being in part taken off, 
by expanding itſelf into the man's dilated cheſt, the impriſon'd air, was, 
thereby enabled, manifeſtly, to dilate, and repel the mercury that com- 
ꝓreſs d it, till there was an equality of force betwixt the ſtrong ſpring of 
the compreſs d air on the one part, and the tall mercurial cylinder, with the 
contiguous dilated air, on the other. | 
Now, if to what we have deliver d concerning the compreſſure of the 
air, we add ſome obſervations of its ſpontaneous expanſion, it will the 
better appear, how much the phenomena of theſe mercurial experiments 
depend upon the different meaſures of ſtrength to be met with in the air's 
ſpring, according to its various degrees of compreſſion and laxity. | 
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* To make the experiment of the debilitated force of expanded air the 
plainer, we muſt mention ſome particulars, eſpecially with relation-to the 
manner of performing it. 1. We made it on a light pair of ſtairs, and 
with a box -lin'd with paper to receive the mercury, that might be ſpilt ; and 
in a glaſs tube about ſix feet long, hemetically ſeal'd at one end. 2. We 
alſo provided a ſlender glaſs pipe about the bigneſs of a ſwan's quill, and 
open at both ends, all along which, _ a narrow liſt of paper, di- 
vided into inches and half quarters: 3. This ſlender pipe; being thruſt into 
the greater tube, almoſt fil'd with quick-filver, the glaſs help d to make it 
ſwell to the top of the tube; and the quick-ſilyer getting in at the lower orifice | 
of the pipe, fill'd ĩt up till themereury, included in that, was near upon alevel 
with the ſurface of the ſurrounding mercury in the tube. 4. There being 
little more than an inch of the ſlender pipe left above the ſurface of the 
ſtagnant mercury, and, conſequently, unfill'd therewith, the prominent ori- 
fice was carefully clos d with melted ſealing-wax; after which, the pipe 
was let alone for a while, that the air, dilated by the heat of the wax, 
might, upon refrigeration, be reduced to its wonted denſity. And then 
we obſerv d, by help of the liſt of paper, whether we had included more or 
leſs than an inch of air, and in either caſe, we reQify'd the error, by 2 


The open air, in which we breathe,” four times rarer than at the ſurface of 
ſays Sir. J. Newton, is 8 or goc times | © the earth; and at the height of 14 
« lighter than water, and by coriſequence | © miles it is 16 times rarer than at the 
« $ or goo times rarer. And fincethe air | / ſurface of the earth; and at the height 
«js compreſs'd by the weight of the in- | of 21, 28, or 35 miles it is reſpeRively 
* cumbent 2 d the denſity | . 64, 256, or 1024 times rarer, or there- 
of the air is proportionable to the | ** abours ; and at the height of 10,146, and 
« compreſling force, ic follows, by com- | 210 miles, it is about 1.000000, 1.C00000, 
« putation, — at the height of about 7 | © oooooo, or 1.000000-000090,00G000. c&c. 


Eugliſp miles from the earth, the air is | Newton, Optic. p.34 l. 342. 
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ſmall hole made witlt a heated pin in the wax, and afterwards clos d it up 
again. 5. Having thus included a jnſt inch of air, wo lifted up the lender 
pipe, by degrees, till the air was dilated to an inch, an inch and a half, 
two inches &c. and obſery'd, in inches and eighths, the length of the mercu- 
rial cylinder, which at each degree of the air's expanſion was impell d a- 
bove the ſurface of the ſtagnant mercury. 6. The obſervatipns being 
ended, we preſently made the Torricellian experiment with. the ahove-men- 
tion'd large tube, fix feet long, that we might know the height of the mercu- 
rial cylinder for that: particular day and liour; which we found to be twenty- 
nine inches and three quarters. 7. Qur obſervations, made after this manner, 
furniſh'd us with the preceding table, in which here would not, probably, 
have been found the difference here ſet down betwixt the force Fear, 
when expanded to double its former dimenſions, and what that force ſhould 
have been, preciſely, according to the theory,. but that the included inch of 
air receiv'd ſome little acceſſion during the trial; which this difference cau- 
ſing us to ſuſpect, we found, by plunging the pipe again into the quick-ſilver,, 
that the included air had gain d about half an eighth; which we gueſs d to 
have come from ſome little aerial bubbles in the quick- ſilver contain d in the 


pe. 
K Here we find that the inch of air, when firſt included, ſuſtain'd no other 
preſſure than from the incumbent air, and was no more compreſs'd than 
the reſt of the air we breath'd and mov'd in; that this inch of air, when 
expanded to twice its former dimenſions, was able, with the help of a mer- 
curial cylinder, of about fifteen inches, to counterpoiſe the weight of the 
atmoſphere ; and that this was impell'd up into the pipe by the external. 
air gravitating upon the ſtagnant mercury, which, alſo, ſuſtain' d above 28 
inches of mercury, when the internal air had its ſpring too far weak- 
ned, to make, any conſiderable reſiſtance :. from whence 'tis plain, that 
the free air, here below, is, almoſt, as ſtrongly. compreſs'd by the weight 
of the incumbent atmoſphere, as,it would be by the weight of a mercurial 
cylinder, 28, or zo inches high; and, conſequently, is not in ſuch a-ſtate 
of laxity, as men uſually imagine; but acts like ſome mechanical agent, 
with a force decreaſing, in a ſtricter proportion to its increaſe of dimen- 
ſion, than has been, hitherto, taken notice of. 8 | 

And hence, at length, we ſee, ; that our author's hypotheſis is unneceſ- 
ſary to ſolve the phenomena in diſpute :. which, is no ſmall acquiſition, ſinee 
the two principal things, that 4%. him to reject our hypotheſis, are, 
nature's abhorrence-of a vacuum ; and that, tho' the. air have ſome weight 


and ſpring, yet theſe are inſufficient to make out the known phenomena, 


for which, we'muſt, therefore, have ' recourſe to his Funiculus. But, he 
has not difproy*d'a vacuum, yet we have | manifeſted, that the ſpring of 
the air may perform greater things, than what our explanation of the Tor- 
ricellian experiments, and thoſe of our en ine, require. 

We come now to the laſt part of our defence, wherein we are to conſi- 
der what our author objects to ſome. particular experiments, 
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Againſt our firſt experiment, he objects geit dur care b apply- rale. 
ing the finger to the oritice of the valve, when the pump is freed from air, — 2 
the ſucker will not appear to be thruſt inward by the external air, but, matical experi- 

as the finger, to be drawn inwards, by the internal. But this phenomenon“ — 
has been, formerly, accounted for, upon our hypotheſis. 
Of our third experiment, he fays; that it very well agrees with his 
principles; for, ſince by this depreſſion of the ſucker, the air, in the 
cavity of the cylinder, is ſeparated from the 1 and deſcends, 
ce together with the ſucker, in that whole depreſſion; new ſurfaces are 
* taken from that deſcending air, and ftretch'd out, as in the caſe of de- 
'* ſcending water. Since, therefore, ſuch ſurfaces, are as eaſily ſlipp'd 
off, and extended at the end of the depreſſion, as at the beginning, it is 
no wonder there ſhould be the ſame difficulty of depreſſing, in both ca- 
„ ſes.” By which, he ſeems to intend an'oppoſition to a part of the 
third experiment, which I oppos d not againſt his opinion: yet he offers 
nothing at all to invalidate my inference ; but, inſtead of that, propoſes 
-a defence of his own opinion, which ſuppoſes the truth of his R 
and is unſatisfactory, even according to that, or elſe, diſagrees with 
what himſelf hath taught us, but a little before. For, tis evident, 
that the more the ſucker is depreſs d, the more the cylinder is exhauſted 
of air. And, ſpeaking of the air, in the receiver, he affirms, that“ tis 
the more extended and rarified, the more is drawn out; and, there- 
fore, acquires the greater force to contract itſelf.” Though here he 
would have us believe, that the little internal air, in the cavity of the 
ſhank of the ſtop- cock, as ſtrongly attracts the ſucker, or reſiſts its de- 
reſſure, when ce ſucker is near the top of the cylinder, as when, being 

—— down to the lower part thereof, the ſame portion of remaining air 

muſt be exceedingly more diſtendeee m. 

To the fourth experiment, our author objects nothing, but endeavours 
explain it his o.]. way, whereto he fays, this circumſtance excellently agrees, 
that, upon the return of the external air, into the receiver, the tumid 
bladder immediately ſhrinks; becaufe the arr in the receiver, which drew 
-the ſides of the bladder outward, 'from the middle of it, is hereby relax'd-: 
which explication, whether it be more natural than ours, let any one 
judge, who has conſider'd what we have alledg d againſt the Funiculus. 
AIs the breaking a glaſs receiyer, not of a globular figure, by exhauſt- 
ing moſt of the internal air, whereby its diminiſh'd preſſure became unable 
to reſiſt that of the out ward air; our author confidently ſays, it ſeems 
nneredible, that the moſt ſoft air ſhould ſo vehemently compreſs ſuch a 
< glaſs, on all ſides, as to break it.“ As if it were more credible, that 
rhe Air within, ſhould be able to act more powerfully upon the ꝑlafs, than 
that without, which himſelf confeſſes to be a heavy bod ; and which, not 
only reaches from the' ſurface of the earth, to the top of the higheſt moun- 
tains, but may, for onght we know to the contrary, be heap'd upon the 
neceiver, to the height of ſome hundreds of miles. 


2 - 
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Prevaarice-. After a. recital of the ninth. experiment, he ropoſes his ohjection to it 
WY thus. But this ſeems far remoy d N if the preſſurg 
of the Air, which deſcends by that tube into the vial, be ſo great as to 
break the vial itſelf, it ſhould, certainly, firſt, very. much move the wa- 
ter, in which the tube is immers'd, excite bubbles in it, Cc. yet it 
is certain. that the water, before the vial breaks, doth not move at all.“ 
But, for all this, I think our explanation true: for, we put the water into 
the vial that was broken, upon a particular deſign; and, in the ſecond. 
trial, the water was omitted. But, notwithſtanding this water, the ſides. 
of the, glaſs being expos d to the preſſure of the atmoſphere, wholly ſuſ- 
rain'd it, before the exhauſtion, off the receiver: ſo that there needed no 
ſuch blowing in of the air a-freſh, as our author imagmes, to- break. the 
vial; it being . ſufficient for that purpoſe; that the preſſure againſt the 
convex ſuperticies of it, was taken off; by exhauſting the receiver; the preſ- 
ſure againft the concave: ſuperficies, remaining: as as ever. And, 
therefore, we need not altogether deny. what he ſays, that © tho the 
tube had been clos d at the top, the vial would ſtill have broke.” For, 
+ fince; in ſuch caſes; the air is ſhut up, with the whole preſſure of the at- 
moſphere upon it, this may, almoſt, as eaſily, break the glaſs, as if it were 
unftopp'd ; and, accordingly, we mention the breaking of a thin glaſs, 
hermetically ſeal d, upon the extraction of the ambient air: But, as con- 
fidently. as our author ſpeaks, ſuch thin vials are fabjet; upon with- 
drawing the ambient air, to ſtretch a little; whereby the ſpring; of the in- 
cluded air, may, in ſome. caſes, be ſo far weakned, as not to be able to 
break them, unleſs aſſiſted by tho preſſure of the e ; and hen the 
vial r to break,, the enſuing preſſure of the outward air, up- 
on that within the vial, may help to throw the parts of the glaſs more for- 
cibly aſunder. | 
he author, having recited. our conjecture, as to the reaſon why two 
flat ſmooth marbles flick ſo cloſely. together, approves my way of exa- 
mining that conjecture. Bat, I. ſay, tho the marbles were kept together, 
by the preſſure of the ambient air, yet they did not fall aſunder, in our ex- 
haufted receiver, becauſe of ſome ſmall leak:in the receiver ; yet he tells 
us, with his uſual confidence, that this very experiment ſufficiently ſhews, 
that. opinion falſe. But, poſſibly, he would. have ſpoken leſs reſolutely, i 
he hach made all the trials, about. the adhefion of marbles, that L have. For 
he ſpeaks, as if all. that we aſcribe: to the air, in ſuch experiments, were 
to ſuſtain the lower marble, with the weight, perhaps, of a few ounces ; 
whereas, if the air be wholly kept from getting between the Rones; it may 
ſuſtain a weight. equal. to that of a pillar ef: air, as · broad as the baſis of 
the lower marble, and as. high as the atmoſphere; or, to the weight of 
a column of quick-ſilyer, of the ſame thicknefs,, and about 30 inches long. 
And, therefore, ſince when we had. exhauſted our receiver, as far as we 
could, there remain d air enough to ſuſtain in the tube, a: cylinder of 
quick-ſilver an inch highs; and ſince the broader the contiguous marbles 
ata, the greater weight, faſten d to the lowermoſt, may be ſuſtain'd, by 
| the- 


„„ MT 


ceiver, ſhould ſupport the lower-moſt marble, whoſe diameter was near 


the reſiſtance of the air; it's no wonder, that the air, remaining in there. Paazuaones 


two inches, and a weight of four ounces ; thoſe two weights being inſe- 
rior _— - —— cylinder, of the ſame diameter, and an inch in 
length: and tho they were not, yet, perhaps, the receiver was leſs dz 
on we made the 3 1t e we made the ry J i 
*rwas with the ſame pair of marbles, that, before an illuſtrious aſſem- 
bly, the upper-moſt drew up the lower- moſt, tho? clogg d with a weight 
of above 430 ounces. 

As for the account our author gives of this phenomenon, few, Ibetieve, 
will acquieſce in it: for, not to infiſt upon the objection, which himſelf” 
takes notice of; that, according to him, the diftended air in the receiver, 
ſhould draw the adhering marbles a ſunder, his explanation ſuppoſes, 
that there cannot, naturally, be a vacuum; whence he infers, that the. 
* ſtone could not deſcend, but by leaving ſuch a thin ſubſtance behind: 
it, as happens in the deſcent. of quick-filver, or water.” He adds, that 


the adheſion, in our caſe, proves obſtinate, becauſe ſuch a ſubſtance is far- 


more difficult to be ſeparated from marble, than from quick-filyer, or any 
other kind of body; but this aſſertion is precarious. And though I have 
made numerous experiments, with ſtones of ſeveral ſizes, yet I:could ne- 
ver find, that, by their coheſion, they would ſuftain a weight greater 
than that of a. — of the atmoſphere, that preſs d againſt the loweſt; 
which is a conſiderable: eireumſtance, that better agrees with our- 
explanation, than with his, 

Of the ſudden extinction of animals, included in our receiver, which I 
aſcribe to the exceſſive thinneſs of the air therein, he ſays, it ſeems 
** impoſſible they ſhould. die ſo ſoon, merely thro' want of a thick air:“ 
but gives no other reaſon, than the ſuddenneſs of the effect; which, too, 
ſeems grounded upon a miſtake: for, the creatures, he mentions, were 
a bee, a fly, and a caterpillar; and thoſe included in a ſmall receiver, 
which could be ſuddenly exhauſted ; and theſe, indeed, became moveleſs, 
within a mim te. And tho” theſe inſects did, in ſo ſhort a time, grow move- 
leſs, yet they were not ſo ſoon Killd, as appears by the narrative. The ſan- 
guineous animals, that did, indeed, die, were kill'd, more ſlowly. And ha- 
ving, purpoſely, enquir'd of a diver, how long he could, before he was accuſ- 
tom'd todive,remain without breathing, or the uſe of a ſpunge ; he told me; that: 
at firſt he could hold out about two or three minutes, at a time: which made 
me think, that divers become able to continue under water ſo long, either by 
a peculiar conſtitution of body, or, a gradual exerciſe. And, I am apt to think, 
that, as tis uſual, he hereby meant a much ſhorter time than, when exactly 
meaſur d, it amounts to. For, having made trial upon two live moles, one of 
them, included in a ſmall receiver, was between two and:three minutes in 
killing ; whereas; the other being detain d under water, did not there 
continue full a minute and. a quarter, before it finally ceas'd 72 
ving any fign of life. Hence tis not impoſſible, that the want of reſpi- 
ration, ſhould diſpatch an animal in as little time; as is mention in the 

experi- 


ler experiment. And, indeed, our author ſhould either have prov'd it im- 
” poſſible, for the want of air to deſtcoy animals ſo ſoon ; — us 
dme better account of the phenomenon. | 

Twere a needleſs task, to examine any more of our author's objections 

to particular experiments, ſince they wholly proceed upon the ſuppoſition 

of his Funiculus; which has been ſufficiently proved a chimæra: whereas 

the ſpring, as well as the weight of the air, is not only allow'd by himſelf, 
Hut demonſtrable by experiments uncontrorerted betwixt us. 
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Mr. HO B Ss 


Phyſical Dialogue, 
oer 11 
Nature of the AI R., 
EXAMIN'D, 2 


With relation to the Phyſico-· mechanical Experi ments 
of the Spring and Effects of the AIX 


td. 


* 


M. Hobbs, in diſputing againſt mie; ſeems, -generall; to have miſ- The 


gravity, and an elaſtie power; or, that the air is, in great part, 
pump d out of the receiver; 'tis plain, that Frake the air, in the obvious 
ſenſe, for part of the atmoſphere, which we breathe; and wherein we 
move: nor do I find, that any other of my readers underſtand me other- 
wiſe. But Mr. Hobbs thinks he has ſufficiently confuted me, if, in ſome _ 
caſes, he proves, that there is a ſubtile ſubſtance, or ther, in ſome places, 
which I take not to be fill'd with air; and that the æther has, or wants 
ſome properties, which I deny, or aſcribe to the air: but I do not deny 
that the atmoſphere, or fluid _— which ſurrounds the terraqueous 
globe, may, beſides the groſſer, and more ſolid corpuſeles, wherewith it 
abounds, conſiſt of a thinner matter, which, for diſtinction ſake, I, alſo; a- 
gree to call zthereal. TWO 23 e Meng 241 n 708 
But he does not, that I remember, deny the truth of any of the mat- 
ters of fact, L have deliver d; nor attempt to prove, that the explanations 
L have given of my experiments, are contradictory to the doctrine I ad- 
vance: but — our two grand hypotheſes, the weight april 


apprehended my notion of the air. For, when I ſay the air has 2 2 — 
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—— It will here, therefore, ſuffice to prove, what he is unwilling td 


And firſt, that the air, in my ſenſe of the word, is not deſtitute of 
* we have ſhewn by — 5 experiments: one of them is, that a 
blown bladder, carefully weigh'd, in an exact pair of ſcales, was Had 

: manifeſtly heavier — full of ain, than when empty of air. 

Second , it hase al, been obſery d, that an æolipile, being well heated, 
and the little orifice, left = the top of the pipe, being ſtop'd, whilſt it was 
thus hot ; upon of this hole, when the zolipile was grown cold 
again, the Ae. ruſhing in at the foremention d orifice, caus d the 
. eolipilsta weigh ſd much more than it did juſt before the external air got 

425 E onneed to near.a thouſandrh. part of the weight of an equal bulk 
0 — 


in the Magdeburg ent, the t receiver they were 
— 8 being weigh'd dach re and after -v extraction of The a air, 
* found the difference to be 1 ounce 2, which, ſays the learned 

| Schottue, * is 4% clear demonſtration of the gravity of the air.” 
Fourthly, we ve weigh'd the air ſhut up in bodies, in our exhauſted 
receiver, wherein of two materials, different in nature, a blown bladder, and 


= glaſs bubble, each eq 1 to a more ſolid weight, 3 the 
air was pump out, we found that which included a large quantit 


LL als ele wermmght d 1 


but the ea fond fuck « rarjety of: caſes, that 
at wouk — 


4 10 - 
x6. as; Wette agai abſt the experiment of the 
bladder. weigh'd wh Me. Kb receiver; for he quarrels not with the 
reſt. the ſcale which contains the bladder, is more depreſs'd than 
de other, they may. be certain by ſight; but that this proceeds from the 
* * natural grazity af the air, they cannot be certain, pally if they know 
nat the. efficient cauſe of gravity.” But can, we nat be ſure, — d 
Ie 15 , heavier.than.cork; unleſs we know the efficient cauſe 0 
reaſon, he gives, hy the bladder outweighs, is this. Fn 
*. bladder, whether blown up with a pair of bellows, or with human 
*.bxeath, is heavier, r flaccid, I will not deny, becauſe of the 
quantity of atoms, ar of fuliginous corpuſcles: but there's no- 
1 in this experiment. They ought to have put into the ſcales 
weight, whereof one ſhould be ſhut,and the other open: 
2 7 — e air, mar blown. in, but barely inclos d, had been weigh'd ; when, 
air-ſhall be ſo weighd, we will afterwards conſider what 
2 to the FTbe ſirſt part of this paſſage does 
not deny the gravity of that we call air, but — endeavours to ſhew, 
hat they are that make it heavy. And, as to the ſecond, he ſeems 
to — — for, there is no need that rhe air in the bladder, 
. before the exhauſtion of the receiver, ſhou'd be heavier than the outward 
'Wherefore, when he ſubjoins, that from this experiment we can 
2 - nothing oertam, the affirmation is precarious. And Mr. Hobbs 


might 
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might eaſily have perceiv'd, that we did make a trial much of thePmovxarice. 


{ame nature with that he deſires : for, we weigh'd the air in a glaſs, her- 
metically ſeal'd, wherein it was not blown in, but barely included. And 
ſince, in his elements of philoſophy, he grants, and gives his reaſon for 
ir, that, © if air be blown into a hollow cylinder, or, into a bladder, it 
ill increaſe the weight of either of them a little; and, fince here he 


* 


likewiſe confeſſes, that there are mix d with the æther, many aqueous and 


earthy particles: he confeſſes, that the air is not deſtitute of weight; and it 
concerns us no more than himſelf, to ſhew how the corpuſcles, upon whoſe 
account the air is heavy, make it ſo. 
This is all which Mr. Hobbs, in ſeveral places, thinks fit to object a- 
inſt the gravity of the air; leaving the experiment of the æolipile, and 
ome others, unanſwer d; which, alone, prove the air has a manifef weight, 
even when uncompreſs d, and in its laxity. Let us now examine whether the 
air has not, alſo, aſpring. This, tho he calls it (as he likewiſe does the weight 
of the air) a dream, yet himſelf, in effect, grants all that is requiſite to 
rove the ſpring of the air. For, delivering that known experiment, where- 


in the air is compreſs'd in a glaſs bottle, by the forcible injection of wa- T. 8. 


ter, which, when the glaſs is unſtopp'd, the air again throws out, in re- 
covering its former dimenſions; he — that © the air, with which the 
* ſpherical glaſs was fill d, being mov d by earthy corpuſcles, in a ſim- 
ple, circular motion; and being compreſs d by the: force of the injection, 
* that of it, which is pure, gets out into the open air, and gives place to 
* the water. It follows, that theſe earthy corpuſcles have leſs Hed left, 
* wherein to-exerciſe their natural motion ; therefore, beating one upon 
another, they force the water to fly out, when the external air pene- 
© trates-it, and ſucceſſively takes up the place of the evacuated air, till 
the oorpuſcles of the ſame quantity of air being reſtored, regain a li- 
© berty natural to their motion.” But, to paſs by ſeveral other of his 
conceſſions, to this purpoſe, we can prove the ſpring of the air by many 
phenomena of our engine, of which he offers no other explanation. 

If the Torricellian experiment be made in:a tube, between two feet and 
a half, and three feet in length; and if, when the mercury reſts at its 
wonted' ſtation, you dextrouſly ſtop the orifice of the tube, with your fin- 
ger, that orifice being rais d as near the ſurface of the ftagnant mercury, 
as poſſible, without admitting the external air; if, then, you quite lift up 
the tube, thus ſtopp'd, into the free air, you ſhall feel, upon your finger, 
little or no preſſure from the weight of the mercurial cylinder, diſtin from 
the weight of the tube; becauſe the gravity of the-quick-ſilver, | is balanc'd 
by that of the outward air, which thruſts your finger againſt it: but, if you 
invert the tube, and having let in the air at the orifice, ſtop it again with 
your finger; and again let the mercurial cylinder reſt upon that — 
will and your finger ſtrongly preſs d, and ready to be thruſt away; which 
new preſſure, ſince it cannot come from the mercury, nor from the weight 
of the admitted air, to what can we, rationally, aſcribe it, but to the ſpring 
of the included air? . And the force hereof will be as well manifeſt to the 

Vo I. II. 8 eye, 
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Nenne, eye, as the ſinger, if the tube be unſtopp'd under the ſurface of the ſtagnant 
mercury; for then that in the glaſs, will not reſt, as before, at the uſual 
ſtation, but be depreſs'd far beneath it. And, if you make the Torrice!- 
lian experiment, in a ſhort, open tube, Ropp', 99 and below, with 
your fingers, upon unſtopping the upper oritice, a new, and forcible preſ- 
ture will be felt upon the finger that ſtops the lower orifice; made by the 
gravitation of the external air, which was before kept from reſting upon 
the mercurial cylinder, by the upper finger, the pulp of which, by that gra- 
vitating air, was, before, thru into the delertbd cavity of the tube; 
5 demonſtrates both the ſpring of the air, and the gravity of the at- 
moſphere. þ 
5 Bur to the experiment of the ſwelling and ſhrinking: of a bladder, hung 
in our receiver, as. the ambient air is withdrawn, and ſuſter' di to return; 
Mr. Hobbs replies, that every skin is made up of ſmall threads, or 
filaments, which, by reaſon of their figures, cannot exactly touch in 
© all points. The bladder, therefore, being a skin, muſt be pervious, not 
only to air, but to water alſo; whence, there is the ſame compreſſure 
«-within the bladder, as without. Fhe endeavour of which. (the way of 
its motions being every way croſs) tends to the concave ſuperficies of 
the bladder; wherefore it muſt, of neceſſity, ſwell every way, and the 
* yehemency. of the endeavour increaſing, be, at laſt, torn.” But, if this. 
be a ſufficient anſwer to ſuch an experiment, I fear, it will be harder than 
we are yet aware of, to prove any thing by experiments. For, firſt, how 
improbable is it, that ſuch bladders, as we uſed; are readily pervious to 
the air; when eaſy experience ſhews- us, that, by leiſurely compreſſing 
ſach blown bladders, betwixt our hands, we ſhall rather break.them, than 
ſqueeze out the air at their pores ?. So that the reſt of his anſwer being built 
n what is ſo repugnant to common experience, will. not need a parti- 
cular confutation : however, we ſhew, that by the exhauſtion of the 
air, even a glaſs, hermetically ſeal'd, was broke: and to ſay, that glaſs, alſo, 
is pervious to the air, were to afſirm what the greateſt part of his book 
ſuppoſes to be falſe. Beſides, there is not any ſenfible; and unqueſtionable 
phenomenen, to prove that the receiver is full of any ſuch air, as he ſpeaks 
of; far we ſee, plainly, that when the air, manifeſtly, gets into the recei- 
ver, the bladder it not, thereby, made to ſwell, but to ſhrink. Moreover, 
according to Mr. Hobbs, the bladder is pervious to the air; and the air, 
within the receiver, is univerſally compreſs'd, as well that which is within 
the bladder, as that which is without it; how then comes the air, that bears 
gainſt the convex ſurface ofthe bladder, not to reſiſt that which is contigu- 
ous to the concave ſuperſicies of the ſame; at leaſt, how comes the bladder 
to be broken by the air, which, according to Mr. Hobbs, can get in and 
out at pleaſure ?- And, laſtly, to ſhew, that to the ſwelling of the blad- 
der, there needs nothing but the ſpring of the included air; and no ſuch. 
vehement agitation of' the ambient air, as he ſuppoſes in our engine ; it 
appears, by the experiment of M. Paſchal, that, in the free, and ordinary. 
ar, a foot-ball, half blown, will gradually ſwell, the nearer it is —_ 
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ed to the top of an high mountain, where the incumbent cylinder of the x- 


atmoſphere is ſhorter, and its weight the leſs ; and will, for the contrary 
reaſon, grow more flaccid, the nearer it approaches to the foot of the moun- 


tain. 

Mr. Hobbs attempts to explain the phenomena of our engine, by ſup- . Reb, 
poling, that many earthy particles are interſpers d with the air, which planatien ef 
* have a ſimple, circular motion, congenite to their nature; and that there! —— 
« ig a greater quantity of theſe particles in the air, near the earth, than Zang “ 
remote from it.” But this aſſumption, to me, ſeems very precarious; 


for, I know no unqueſtionable example, or experiment, whereby it can 


be made out, that any ſmall parcel of matter, has ſuch a ſimple, circular 
motion, as he aſcribes to each of theſe innumerable earthy, and, as he 
adds, aqueous particles. The only argument he here brings to prove, 
that each atom would have this motion, if all the reſt of the earth were 
annihilated, does not ſeem clear to me. For, it is not always true, that 


each minute part of a homogeneous body, has, in every ＋ the ſame 


qualities with the whole : as the roundneſs which a ſmall drop of water, 
or quick-ſilver, is obſerv'd to have upon a dry plain, is not to be met with 
in a large portion of either of theſe Raids, tho' plac'd upon the ſame plain. 
And Mr. Hobbs, as well as we, makes the terreſtrial atoms in the air to 
have gravity ; a quality that does not properly belong to the whole globe 
of the earth: nor is it manifeſt why, becauſe the terreſtrial globe moves in 
a vaſt circle about the ſun, each particular atom of it muſt deſcribe a ſmall 
circle in the air, about Iknow not hat center. And, tho he aſſerts, that the 
air, near the earth, abounds with ſuch terreſtrial corpuſcles, tis not likely 
they ſhould have ſuch a regular motion, as he attributes to them; but, 
ſtriking againſt one another, they muſt, in probability, be put into, almoſt, 
as various, and confuſed a motion, as Des Cartes altribes to his tereſtrial 
particles, ſwimming in the atmoſphere. 

Mr. Hobbs farther endeavours to prove, that, by the exhauſtion of our 
cylinder, no vacuum is produc d; and gives a very different account of the 
experiment itſelf: he ſays, that © while the ſucker is drawn back, the more 
* ſpace is left within, the leſs is left to the external air; which being 
x: thruſt backwards, by the motion of the ſucker, towards the outer- 
* moſt parts, moves, in like manner, the contiguous air; and that, the 
next; and ſo forwards : ſo that, of neceſſity, at laſt, the air muſt be 
* compell'd into the ſpace deſerted by the ſucker, and enter between the 
* convex ſurface of the ſucker, and the concave of the cylinder. For, 
the parts of the air being infinitely ſubtile, muſt inſinuate themſelves 
© that way by which the ſucker is drawn down; fince the contact of 
© thoſe ſurfaces cannot be perfect in all points, becauſe the ſurfaces them- 
* ſelves cannot be made infinitely ſmooth : and then, that force, which is 
* applied to draw back the ſucker, in ſome meaſure diftends the cavity of 
the cylinder; and if, betwixt the two ſurfaces, one ſingle hard atom 
* enter, pure air will enter by the ſame way, tho' with a ſmall 
* force. And thus air, for the _ * inſinuates itſelf through 
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| Pxzuxaz1Cs** the valve of the cylinder; and, therefore, the retraction of the ſucker 
* will not prove a vacuum. It follows, alſo, that the air, which is dri- 
© ven up into the ſpace deſerted by the ſucker, becauſe it is forcibly im- 
* pelld, has a very ſwift, and circular motion, betwixt the top and the 
=; — of the cylinder; becauſe there is nothing there to weaken its 
* motion; and nothing can give motion to itſelf, or diminiſh it.“ But, 
many exceptions may be made to this reafoning. And, firſt, I know not 
why Mr. Hobbs ſhould, here, confine his difcourſe to the pump, without 
taking notice of the glaſs it is deſignd to evacuate. We will, therefore, 
conſider how he can account for the exhauſtion of the receiver, as well as 
of the cylinder, ſince we uſually employ them both together. And he be- 
ing obliged to explain the exhauſtion of the one, as well as the other, it 
will be convenient to take into confideration the receiver, becauſe that be- 
ing of glaſs, and 3 we can better ſee what happens in it, than 
in the opake cylinder. This premis d, I do not clearly perceive, by this expla- 
nation, how he avoids a vacuum; for, according to his firſt words, the 
external air is diſplac'd by the motion of the ſucker out ward, and this 
diſplac'd air muſt move that which is next to it; and that the next; 
and ſo onward, till, at length, the air muſt be compell'd into the ſpace 
deſerted by the ſucker: ſo that till this returning air get in betwixt the 
ſucker and the cylinder, how appears it, from this diſcourſe, that the de- 
ſerted ſpace was not empty for ſome little time? Certainly all theſe mo- 
tions of the air, forward and backward; could not be perform'd in an 
inſtant; as may appear by the motion of ſounds and. echoes, whoſe velo- 
city is reducible to meaſure. Secondly, tho' he take his adverſaries to be 
vacuiſts, yet he here ſuppoſes the plenitude of the world. I with, thirdly, 
that Mr. Hobbs had declar'd, from whence the return of the air's impulſe 
ſhould begin ; for that may well be requir'd from one, who, making the 
world full, and, for ought appears, fluid, allows us to believe it infinite, if 
the magiſtrate / ſhall enjoin us that belief. Fourthly, I demand, what ne- 
ceſſity there is for ſo forcible a return of the impulſe, as is requiſite to 
thruſt in the air at ſo narrow a paſlage as that between the ſucker-and cy- 
Under? For, why may net that impulſe, when diffuſed in the vaſt ambient 
medium, be ſo communicated, and blended among the different motions 
of the other parts of it, as not to return again — whence it begun ? 
As a voice, tho' ſtrong, will not move the air, beyond a certain diſtance, 
ſmartly. enough to be reflected in an echo, to the ſpeaker ;' and, as a ſtone 
caſt into a lake, will have the waves, it makes, diverted from returning 
to the place they began at. Fifthly, I: do not, likewiſe, ſee, that tis pro- 
hable, what Mr. Hobbs affirms.of-ſo thick a cylinder as'ours, that it ſhould 
de diſtended by depreſſing the ſucker. But this I. inſiſt not on; the prin- 
cipal thing, peculiar in Mr. Hobbs's explanation, is, that as much air as is 
driven away by the ſucker, preſently gets in again, betwixt that and the 
cylinder. But, by. the air thus ſuppos d to get in, he either means in the 
uſual ſenſe, and in ours, the common air, ſuch as we live and breathe in; 
ar, he does not. | * 
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If he ſpeaks of ſuch air, I can plainly prove, by ſeveral experiments, Pn rie- 
that our engine 1s, 1n great part, deſtitute 6 it. For, firſt, if x 8. be a 
contrivance made, — the whole pump may be cover d with water, 
we may, as we have try'd, plainly ſee the air that is drawn out of the 
receiver, at each reciprocation of the ſucker, paſs, in great bubbles, out of 
the valve thro' the water. | 

Next, it appears, by the Magdebuzgic experiment, that, by reaſon of the 
receſs of the air, the globe of glaſs, whence it went out, was diminiſh'd in 
, weight, above an ounce. Thirdly, the ſame truth may be prov'd by the 
5 experiments formerly mention d, of the ſwelling of a bladder, and the 
- breaking of an hermetically ſeal'd glaſs, upon the receſs of the ambient 
t 


air 3 theſe experiments having been already vindicated from Mr. Hobbes 
very improbable ſolutions. Fourthly, the ſame may be prov'd, by the * 
breaking of weak, or ill-figur'd receivers, inwards ; of which, on our 
a hypotheſis, the reaſon is clear; but not on his. And, fifthly, what I con- 
; tend for, may be ſufficiently prov'd from this one phenomenon ; that tho”, 
ö if the receiver being full. of common air, the key be turn d under water, 
the water will not at all aſcend at the open orifice ; yet the like being: 
done, after the exhauſtion of the receiver, we have had ſeveral gallons of 
water violently impell d into the cavity of the glaſs: which could not hap- 

n, if it were full of air, both in regard there can be no probable cauſe 
aſſign d why the water ſhould be thus ſpurted up; and becauſe the re- 
ceiver being already full of air, either two bodies muſt. be contain'd in one 
place, and ſo we muſt allow penetration of dimenſions; or elſe common air, 
to which glaſs is impervious,. muſt paſs thro' the water; which, we con- 
clude, it does not, becauſe no ſuch bubbles are made in the external. wa- 
ter, as would appear, if common air paſs'd thro it. Nay, ſo little of this 
common air was, ſometimes, left in the globe uſed at Magdeburg, that when. 
the water was ſuffer d to ruſh in, it reduced the air into leſs than the. 
thouſandth part of the capacity of the globe; and even if our receiver be 
unſtopp'd, not under water, but in the open air, the ambient air will, 
violently, preſs in, with a great noiſe, durable enough to argue, that the. 

aſs was far from being full of ſuch air before. 

And thus we may argue againſt Mr. Hobbs, if he would. have the. 
engine, when we call it exhauſted, fill'd with common air; as his words 
ſeera to intimate. But becauſe, by ſome other paſſages of this dialogue, 
he may be favourably thought to mean, that the pure air is that which. 
2ets in by. the ſides of the ſucker, into the pump, and ſo into the recei- 
ver, let us conſider his explanation in this ſenſe alſo. I defire it may 
be obſerv'd, that if Mr. Hobbs takes the air in this ſecond. ſenſe, he does 
not oppoſe what I. have deliver'd ; the air, I pretend to be pump'd out 
of the receiver, being the common air, which conſiſts, in great part, of. 
groſſer corpuſcles, than the zthereal ſubſtance. Let, even this explana- 
tion will be liable to the two firſt inconveniencies, lately objected againſt, 
the other, in favour of the vacuiſts; and to ſeveral objections beſides: - I. 
obſerve, again, that tho the. pump be kept all. the. while under water, 

yet 
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rear, yet the exhauſtion of the cylinder, and receiver, will proceed as well as 
2 Din the open air. I demand, then, how the pure air gets in by the ſides 
of the ſucker, immers d in water? I preſume, for want of a more plau- 
- fible anſwer, Mr. Hobbs will here ſay, that the air paſſes thro' the body 
of the water, to fill up the deſerted ſpace, that muſt, otherwiſe, be void. 
But then J appeal to any rational man, whether Iam obliged to believe 
ſo unlikely a thing, upon a bare affirmation; for he does not ſo much as 
pretend, by 9 to countenance this aſſertion: and there 
are phenomena that make againſt it. Many experiments ſhew us, that 
when air paſſes thro* water, it makes bubbles there, which, in our 
- .caſe, do not appear. Beſides, why ſhould not the outward air, ra- 
ther impel the water, as we ſee it frequently does, than be ſuppos'd to 
dive ſo ſtrangely and imperceptibly thro* it? When, alſo, the throughly 
exhauſted receiver is unſtopp'd, under water, he, who obſerves how the 
water ruſhes in with a ſtream, as big as the paſlage admits, will hardly 
imagine, that at the ſame time, as much air as water can pals thro' the 
: dame orifice unperceiv d. But, it may be ſaid, in Mr. Hobbs's behalf, 
that either his explanation, or a vacuum, muſt be admitted. To which 
I reply, firſt, that he has not evinc'd there can be no vacuum. Next, that 
we have made it probable, that, by his explanation, he does not avoid the 
- neceſſity of a vacuum. And, thirdly, that a pleniſt, having recourſe to 
Mr. Hobbs's precarious diving of the air, may, more probably, decline the 
neceſſity of yielding a vacuum, by ſaying, that the æther is, by the impulſe 
of the depreſs d ſucker, and the reſiſtance of the ambient bodies, ſqueez'd 
-*thro* the pores of the glaſs, or cylinder, into the cavity of the veſlel, as 
faſt as room is there made for it. And, I confeſs, I wonder that Mr. 
Hobbs ſhould be ſo averſe to this way of ſolving the objection, fince he ſup- 
poſes the parts of the air to be infinitely ſubtile ; which, if they are, no 
res can be too narrow to admit them. But, to preſs this no farther, I 
muſt here take notice, that whether the cavity of the receiver, be reſoly'd 
to be empty, or full of Mr. Hobbs's zthereal body, or the Carteſian celeſtial 
matter; the violent ruſhing in of the water, when the veſſel is unſtopp'd 
under that liquor; with ſeveral other phenomena, which cannot be aſcrib'd 
to the ſubtile matter within; ſufficiently argue, that there is, in the ex- 
ternal air, a far greater power of preſſing inwards, than there is within of 
_ and, conſequently, ſuch a weight, or ſpring in that air, as we 
lead for. 
5 Mr. Hobbs, too, will have the air, impell'd by the ſucker, to move very 
ſwiftly berwixt the top and bottom of it ; as alſo, when it gets into the 
cavity of the receiver; yet, when a, light bladder is ſuſpended in the 
cavity of the receiver, it betrays no ſuch motion : nay, the flame of a ta 
was not blown out, nor ftirr'd by this ſuppoſed wind ; and ſmoke, produ- 
ced in the exhauſted receiver, was not, by this vehement motion of the air, 
blown about the receiver. But, if the common external air be admitted at 
the ftop-cock, that, indeed, will ruſh in with noiſe and violence, and whirl 
about the bladder, which hung. quietly before. - 
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In explaining the Torricel/ian experiment, he ſpends many words to Przvxarice. 


prove, that the place deſerted by the ſuſpended mercury, is full of air. 
But this expoſition ſuppoſes a plenum : and, if he cakes the air in the 
common ſenſe of the word, *tis manifeſtly repugnant, to ſeveral 
henomena; as that, if the experiment be carefully made, we may, by 
inclining the tube, impel. the mercury from its wonted ſtation to the 
top; Which will not happen, in caſe the air were, before inclination, let 


into the deſerted fpace ; that if, when the mercury is ſettled at its uſual. 
{tation, the tube be lifted up out of the ſtagnant quick- ſilver, the out- 
ward air will drive up the heavy mercurial cylinder, oftentimes, with 
force enough to beat out the ſeal'd end; and, laſtly, the quick-ſilver 
reſting at its ſtandard height, if you carefully ſtop the lower orifice, un- 
der the ſurface of the * quick-filver, and then lifting up the tube 

\ opp'd, and firſt depreſs one end, and then the - 
other ; the que ſilver will fall againſt the depreſs'd end of the tube, with 


into the air, keep it well 


a 2 orce and ſwiftneſs: whereas, if unſtopping: the tube, whilſt 
a 


the 
into the cavity, unpoſſeſs d by the mercury; and. then, again, ſtop the 


orifice with your finger, and. proceed. as before, you ſhall. perceive the 


motion of the included fluid, to be- much flower, and leſs. violent than 
formerly, by reaſon of the reſiſtance of the admitted air; which, alſo, ma- 


nifeſtly diſcloſes itſelf, by the conflict, and bubbles produced betwixt the 
air and quick- ſilver, in haſtily. paſſing by one another, to the oppoſite ends o. 
the tube. But, Mr. Hobbs, not pretending that any attraction intervenes: - 
in the caſe; I ſee not how he can poſſibly make out, to omit other pheno— 
mena, the gradual deſcent of the mercury, in the tube, beneath its wonted 


ſtation, upon the exhauſtion of the receiver; and the re-aſcent of the ſame, 


in the ſame tube, as we let in more or leſs of the outward air, without 


admitting as much of ſpring or preſſure in the air, as I-contend for. The 


weight of the terreſtrial. particles, by which he endeavours. to account 
for the quick-ſilver's falling lower at the top, than at the bottom of a- 


hill, will by no means ſerve his turn; it being ucterly improbable that 
the air, contain d in ſo little a veſſel as one of our receivers, can, by its 


weight, counter-balance ſo ponderous a cylinder of quick-ſiver: wWhence 
we may be allow d to argue, that the air ſuſtains it by ſuch a preſſure, 


or ſpring, as we plead for, whether that proceed from the texture of the 
aerial particles, from their motion, or from both. i 
The laſt of Mr. Hobbs's principal explanations, is of the experiment 


wherein above 100 pound weight, being hung at the depreſs d ſucker, 


the ſucker was, notwithſtanding, impell'd up again, by the air, to the 
top of the cylinder. This phenomenon Mr. Hobbs accounts for thus. 


Ihe air being beaten back by the retraction of the ſucker, and finding no 
void place, wherein to diſpoſe of itſelf, beſides. that which it may make, 


* by driving out other bodies, is, by — — at length, forc'd 
* into the cylinder, with fo great. ſwiftneſs, between the concave ſurface 


*- of. the cylinder, and the conyex ſurface of. the ſucker, as may anſwer 4 


me quantity of mercury remains in it, you let the outward. air 
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„Furama riese the power neceſſary to draw back the ſucker. Now, the air within 
L E retains the ſwiftnefs wherewith it enters; and then, every way, diſtends 

** the ſides of the braſs cylinder, which is elaſtic. Therefore, the air in 
the cylinder, being vehemently mov'd, thrufts againſt all parts of the 
* concave ſurface of the cylinder, tho' in vain, till the ſucker is drawn 
back; but, as ſoon as the ſucker, being looſe, ceaſes to impel the air, 
that air which was before driven in, will, by reaſon of its endeavour a- 
5 gainſt every point of the internal ſuperficies of the cylinder, and of the 
* elaſtic force of the air, inſinuate between the ſame ſurfaces, with a velo- 
«city equal to that by which it was impell'd; that is, with a velocity which 
c anſwers the ſtrength of the impulſe: when, the ſwiftneſs where with the 
© the ſame air goes out of the cylinder, finding no where to diſpoſe of 
e ;rſelf, will, again, impel the ſucker to the top of the cylinder; for the 
c ſame reaſon that the ſucker, a little before, made an impulſe upon the 
c air.” But this whole conceit, of the air's running in and out, with a 
ſtrange velocity, between the ſucker and the cylinder, is precarious ; nor 
n propoſe one phenomenon to countenance it. Farther, we found, in 
an engine ſo contriv'd, that the pump lay cover d with water, when the 
Tucker was drawn back, the atmoſphere would ſtrongly preſs the water a- 
gainſt it; and if the handle were let go, ſwiftly repel up the ſucker into 
the deſerted cavity of the cylinder; which being a caſe parallel to that 
-under conſideration, let any unbiaſs'd perſon judge how likely it is that 
the air could perform all theſe na wht you without exciting bubbles, not- 
«withſtanding the water's conſtant interpoſition betwixt it and the cylinder. 
And there is as little probability in what our author teaches of the air's 
conatus. I might here repeat, what we formerly mention'd, of the break- 
ing of our receivers inwards, not outwards; and add, that I ſee no rea- 
ſon why. the conatus of the included air, if granted, ſhould be fruftrated, 
hen the ſucker is depreſs d; but, if the air within have ſo ſtrong an en- 
deavour outwards, as to ſtretch the thick ſides of the braſs cylinder, as 
Mr. Hobbs would have it, I demand, why the air does not throw out the 
wooden peg, or valve, which we have often, to our trouble, ſeen thrown 
out with great force and noiſe, when, the depreſs'd ſucker being thruft 
up again, whilſt there was air in the cylinder, we forgot to leave the valve 
open; tho, in this caſe, the air, that drove out the peg, was far enough 
From ftretching the cylinder. I further demand, how it comes to =, 
that if, having - &» the hole of the cylinder, with your finger, inſtead of 
the peg, you ſwiftly depreſs the ſucker, you ſhall be ſo far from feeling 
.a preflure outwards, againft the pulp of the finger, from any thing con- 
tain'd in the cavity of the cylinder, that your 3 1 will be ſtrongly preſs'd 
in by the ambient air. But, as to the laſt part of the paſſage, under conſi- 
<deration, I do not underſtand why the air that was impell'd in ſo fwiftly, 
betwixt the cylinder and the ſucker, ſhould not reſiſt the ſwift cegreſs 
Which Mr. Hobbs aſeribes to the included air, by the ſame paſſage; nor 
-why. this impell'd air, that has ſo ftrong an endeavour outward, ſhould ne- 
ver depreſs the ſucker, as well as the ſame air, diffuſing its motion thro? 
| the 
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the vaſt ambient medium can enable the external air to thruſt up the ſucker P#zvnarics, 


again ; eſpecially, ſince during ſuch a — of the ſucker, made by the 
rebound of the air, forcibly impell'd in from the cloſe bottom of the cylin- 
der, the air from without, may, all this while, according to Mr. Hobbs's 
principles, get in between the 1aid ſucker and the cylinder. But, I'fur- 
ther ſay, that the lifting up of the ſucker, either is not neceſſary to prevent 
à vacuum; or, that, in ſome caſes, it will be hard to ſhew how a vacuum 
can, by Mr. Hobbs, be avoided. For, when the depreſs'd ſucker is ready 
to be thruſt up again, if you hang a much greater weight at it, than a 
hundred, it will not be liſted up at all. And whereas this progreſs, and 
regreſs of the impulſe of the external air, cannot reaſonably be & os'd to 
be very laſting, you may, by a competent weight, detain the ſucker de- 
preſs'd, till the ambient air is as quiet as uſual; yet, if you then take off 
the overplus of weight, or, perhaps, a little more; in caſe the pump has 
been very ſtanch, the fucker, and the great weight hung on, will, never- 
theleſs, be carried up: which *tis no way likely it could A by the impulſe 
of the outward air, that had time to decay, and be confounded. And, as 
for the inward air, we have prov'd, that it has no ſuch endeavour out- 
wards, as Mr. Hobbs pretends ; otherwiſe, why ſhould not that throw out 
the ſucker, rather than cauſe it to be impell'd inward ; it being no way 
likely, that, in caſe ſome air ſhould get out of the cavity of the cylinder, 
it could ſo move the outward air, as that the reflex of that impulſe ſhould 
make that free outward air bear more ftrongly againſt the outſide of the 
ſucker, than the inſide of the ſame ſucker is vreſs'd againſt by the included 
air, whofe impetus is, incomparably, leſs diffuſed ? In ſhort, whatever is 
reſolꝰ d to be in the cavity of the cylinder, when the fucker is depreſs d, 
yet, ſince tis manifeſt, that tis at leaft, in great part, deſtitute of common 
air; and ſince the ſucker, with the weight, may, if the inſtrument leak 
not, be impell'd up, when, in all probability, thoſe forc'd undulations 
of the air, that may be ſuppos'd to have been made by the ſucker, have 
ceas'd ; the Carteſians, Mr. Hobbs, and others, who will not have recourſe 
to the unintelligible attraction of ſome rarified ſubſtance within, muſt 
aſcribe ſo ſtrange a phenomenon to the preſſure of the air without. 

The reaſon why water aſcends in ſmall glaſs tubes, Mr. Hobbs tells us, 
is, that the ſmall particles interſpers'd in the air, near the water, by 
* their motion beat upon the ſurface of the water, ſo that, the fluid 
* muſt, of neceſſity, aſcend into the pipe; and the more ſenſibly into 
* one exceeding lender.” But tis manifeſt, that I did not, in relatin 
this phenomenon, take upon me to aſſign the true reaſon of it. However, 1 


* That experiment of Mr. Hauksbee's, | fis, that of ſuction, &. eſpecially conſi- 
whereby it appears, that 140 pound weight | dering that, when the air was exhauſted 
was requiſite to ſeparate-two hemiſpheres, | out of theſe hemiſpheres, and an atmo- 
; + inches in diameter, ſqueez'd together, | ſphere injected upon their external-ſurfa- 

y an additional atmoſphere of air; proves | ces, the weight of 280 pound was neceſ- 
the preſſure of that fluid, beyond all con- | ſary to cauſe their ſeparation, See Hawks- 
tradiction, againſt the Funicular hypothe- ' bee's Experiments, p. 88—93 . | 
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Puzuxarics. am no way ſatisfied with Mr. Hobbs's explanation: for, to ſay nothing of 


the motion he aſcribes to the particles diſpers'd thro the air, he leaves the 
difficulty unſolved ; ſince there being common air, as well within the ca- 
vity of the {lender pipes, as without, he offers no reaſon why the preſſure 
of the air within, ſhould not reſiſt the preſſure of the ſame kind of air 
without, as we ſee it does in greater pipes. And, poſſibly, he would 
have paſt by this particular, if he had not overlook'd the advertiſement I 

ve, that it would concern thoſe who ſhould undertake to ſhew the cau- 
Rack this phenomenon, to conſider, alſo, of a reaſon why, if the experi- 
ment be try d with quick- ſilver, inſtead of water, the ſurface of that fluid 
will, inſtead of being higher, be lower within the pipe, than without it; 
whereas, if Mr. Hobbs's explication be ſufficient, why ſhould not the con- 
trary happen in quick-ſfilver, as well as in water? The next paſlage to 
be conſider d, is this: © If any one, after the frequently repeated. im- 
** pulſe, and retraction of the ſucker, endeavour to draw out the topple 
of the upper orifice of the receiver, he ſhall find. it gravitate very much; 
*'as if a wei. hr. of many pounds hung upon it. Whenoe comes this ? 
* From a ftrong, circular endeavour of the air within the receiver, made 
Aby the violent ingreſs of the air, between the convex ſurface of the 
* ſucker, and the concave of the cylinder; procured by the repeated im- 
pulſe, and revulſion of the ſucker, improperly call'd. the exſuction of 
the air: for, by reaſon of the fulneſs of nature, the topple cannot 
ebe drawn out; but whilft that circulates very ſwiftly, it comes out very 
hardly; that is, it ſeems to be very heavy: for, as ſoon as freſh air is, 
by degrees, let into the receiver, it likewiſe, by degrees, loſes this ſeem- 
ing gravity.” To this Lanſwer, firſt, that if there be ſuch a vehement, 
circular endeavour of the air, in the receiver, by which motion he teaches, 
that the air ruſhes out with violence enough to make the atmoſphere lift up, 
in our cylinder, above 100 pound weight; L ſee not, why it ſhould not, 
rather, throw out the ſtopple, under conſideration, than hinder its extra- 
Etion : and why, when the external air is re- admitted at the ſtop-cock, 
inta the exhauſted receiver, and: thereupon there ſenſibly follows, for a little 
while, a rotation of the included air; the topple; that, juſt before, ſeem'd. 
{þ much to reſiſt the being drawn out, ſhould ceaſe to make any ſuch re- 
ſiſtance. Nor do I ſee how the plenitude of nature ſhould, as is here in- 
timated, hinder the extraction of the ſtopple; for, according: to the ple- 
niſts, the world, and. the receiver, muſt be, at all times, equally full. 
And if the contiguous air muſt, for Mr. Holbs's reaſon, neceſſarily be ex- 
tracted with the ſtopple, in one caſe, I ſee not why the like ſhould not 
—_— in another. Now, it appears, by our experiments, that there is 
no ſuch very ſtrong, circular endeayour, in the exhauſted receiver, as he 
pretends ; but, indeed, an endeavour of the ambient atmoſphere, to preſs 
the parts of the glaſs inwards, and cover thoſe that are contiguous: to it. 
For, as I have noted already, a light bladder, ſuſpended in the recei- 
ver, manifeſted no ſuch motion, as he here ſuppoſes; neither were a pair 
of ſcales ſuſpended within the ſame ;. nor a long magnetical needle, that 
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reſted upon the point of another needle, at all whirl'd abour, by this ima- Pravuaries 


einary motion of the air. Beſides, if you leiſurely looſen the braſs ſtop- 
le, ſo that it may be very near, but not contiguous to the ſides of the 
locker, you ſhall, manifeſtly, perceive a ſtrong current of air to flow into 
the receiver, at that paſſage; and more than once, when, inſtead of that 
piece of braſs, we ſtopp'd the hole in the cover, with our cement, we 
obſerv'd ſometimes whilſt we were pumping, ſometimes after we had 
done pumping, that the outward air, by degrees, depreſs'd the ſuperfi- 
cies of the cement expos'd to it, and made it concave ; and, now and then, 
v_hn break through it, thruſting it inward with great violence and 
noiſe. 

Mr. Hobbs, afterwards, attempts to rectify another of our explanations, 
in theſe words. We have ſeen, alſo, that water let down into the re- 
* ceiver, after ſome returns of the motion of the ſucker, has bubbled fo, 
* as if it had boild over a fire; which happens by reaſon of the ſwift- 
* neſs of the circulating air: unleſs, perhaps, you find the water hot too, 
* whilſt it bubbles. For if we were ſure it was hot, we muſt find out ſome 
other cauſe of the phenomenon. But we are certain it is not ſenſibly 
hot; how, therefore, can the greater, or leſs motion of the atmoſphere, 
* promote ſuch a motion as this? But, I confeſs, I ſee not how the 
circular motion of the air, within the receiver, could, in a vial, with a 
long neck, produce ſuch effects as we mention; eſpecially I fee not how 
ſuch a wind, paſſing along the ſurface of the water, could raiſe ſo many 
very large bubbles, which ſeem' d, generally, to riſe from the lower parts of 
the water, thro' the long neck of the vial, and ſpout ir, as it were, into 
the receiver. 

As for what he ſays, about the gravity of the atmoſphere, tis plain 
We that my conjecture aſcribes the phenomenon to the taking off the 
preſſure of the air within the receiver; tho I ſee not why the removal 
of the weight of the atmoſphere, if it could be effected, out of the engine, 
ſhould not have a like operation. And that the greater, or lefs preſſure 
of the air concurs to this phenomenon, appears from common experience; 
for water, by being heated, is expanded, and generates bubbles : and our 
experiments have made it appear, that there are aerial particles in water, 
and other liquors, which tend to expand themſelves z and actually do ſo 
in numerous bubbles, when the preſſure of the incumbent air is conſide- 
rably leſſen d. In the preſent phenomenon, that preſſure being, by the ex- 
hauftion of the receiver, taken off, the aerial particles, and agitated va- 
pours abounding in the hot water, are allow'd to expand themſelves ; and 
to make ſuch numerous, and great bubbles, as thereby to carry off a 
large port of the water out of the vial. So that I wonder what makes 
Mr. Hobbs ſpeak, as if there were no ſenſible heat in the water, under 
conſideration ; ſince tis expreſly ſaid, that 'twas put in hot; and, if it 
were put in cold, could, by no pumping, be brought to the leaſt ſhew of 
efterveſcence. And, I have already ſhewn, by experiments, that there is, 
in cur exhauſted receiver, no ſuch peculiar motion of the air, as he W 
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PuzvxAaT1Cs.the phenomenon to. Nay, when there is, manifeſtly, a whirling mo- 


* 


then into the receiver, is put into ſuch a motion, as gives it a certain mid- 


tion of the air in the glaſs, upon the admiſſion of the external air, the pro- 


duction of numerous bubbles in the water, preſently ceaſes. And, there- 


fore, Mr. Hobbs might have let alone my conjecture, unleſs he could either 
_ diſprov'd it better, or ſubſtituted a more probable one in its 
ead. 

Mr. Hobbs, having recited our experiment of killing animals, in the ex- 
hauſted receiver, in two or three minutes, asks; © if theſe animals were 
* fo quickly kill'd, for want of air; how do divers live under wa- 
ter: for ſome of them, accuſtom'd to it from their childhood, will ſuſtain 
* the-want of air for a whole hour? Certainly, that moſt vehement 
* motion, by which included bladders are diſtended, and broken, kills 
© theſe animals.” But, T ſtill think, we want ſome clearer diſcovery about 
this matter, notwithſtanding what has been deliver d concerning it, by 
Mr. Hobbs; for, his argument, againſt my conjecture, is anſwer'd by 
himſelf, ſince he plainly intimates, that divers, who can live without air 
for a whole hour, are accuſtom'd to it from their childhood. Wherefore, 
unleſs the animals that died in our engine, had been, for a long time, 
tram'd up, by degrees, to live without air, it will not follow, that the 
want of it would not ſoon diſpatch them; as ordinary men may be drown'd 
in a few minutes. And, having purpoſely let down ſome mice, and ſmall 
birds, into a deep glaſs, fill d with water; and kept them from emerging, 
by a weight tied to their legs, or tails ; tho* ſome liv'd longer than others, 
— J obſerv'd them to be kill'd faſt enough, to keep my con jecture from 

ing incredible: efpecially, the laſt we made trial of, tho a large and luſty 
mouſe, appear d to be quite dead, within ſomewhat leſs than a minute. 
And, we particularly took notice, that, before drowning, ſeveral bubbles, 
which ſeem'd to be the reſpired air, came out of their mouths, and aſcended 
thro' the water. We have already diſprov'd the ſuppoſition whereon Mr. 
Hobbs's opinion, as to the cauſe of the death of animals, in the receiver, is 
built; for no ſuch vehement motion, as he pretends, is there to be found. Nor 
does it, at all, clear the diffieulty, that he would have this motion the ſame 
whereby included bladders are diſtended, and broken. For, tis very hard 
to conceive, how the tenacity of the air ; or its beating from all parts, 
upon the convex ſurface of an almoſt empty bladder, (for, in ſuch, alſo, 
the experiment will ſucceed) ſhonld make it burſt outwards. And, we have 


already prov'd, that the diſtenſion, and breaking of bladders, in our re- 


ceiver, proceeds not from any fuch motion of the neighbouring air, as is 
here preſumed, but from a quite different cauſe. 

Mr. Hobbs has a long diſcourſe concerning the extinction of fire, in our 
receiver, upon exhauſting: the air; and, he endeavours to reduce what 
happens to kindled coals, placed in our engine, to what happens in cer- 
tain mines, wherein, when ſome thick damps aſcend, both charcoal, and 
candles are ſoon extinguiſh'd. He, alſo, attempts to ſhew, that, by the 
reciprocation of the ſucker, the air, impell'd firſt into the cylinder, and 
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dle conſiſtence, betwixt that of pure air, and that of water. But I ſhall Puzvacarien 


not need to examine this ſecond part of his diſcourſe, becauſe I deny the 
firſt ; and being able to diſprove the thickneſs of the air, in the exhauſted. 
receiver, I need not ſpend time about what he teaches of the manner. 
His hiſtory of the damp, to be met with in mines, is more largely ſet down 
in his elements of philoſophy ; where he ſeems to mention it as a ſtory of 
doubtful credit, which tis likely he would not have done, if he had then ſeen 
it; and if he has not, ſince, obſery'd the thing himſelf, there may eaſily be 
a miſtake in ſome of the circumſtances : as, for inſtance; the number of 
minutes wherein the thick air choaks the fire; and tis upon that cir- 
cumſtance, the validity of what he deduces from the obſervation, chiefly 
depends. But, however the matter ſtands with theſe ſubterraneal damps, 
we have already. prov'd, by ſeveral of the experiments. of our engine, 
that, in the exhauſted receiver, there is no ſuch motion of the air, as 
is here ſuppoſed. | And it may be ſufficiently prov'd, that whatever 
remains in the receiver, is not ſuch a ſubſtance as Mr. Hobbs would 
have it; for, he here tells us, it is of a conſiſtence betwixt air and wa- 
ter; and, in his elements, ſays, tis not much lighter than water. But, 
by the Magdeburgic experiment, tis evident, that the receiver, by being 
exhauſted, of common air, is ſo far from growing heavier, that it loſt 
above an ounce of its former weight. And to this agrees, what: happens 
in æolipiles, that grow lighter when the air is expell' d. Beſides, if the 
receiver be, in the preſent caſe, fill d with a ſubſtance, whoſe conſiſtence 
is ſo much -nearer that of water, than is our common air, as Mr. Hobbs 
would have it, why does not a . pendulum move ſenſibly; ſlower in it; 
when, in water, the vibrations are ſo exceedingly flacken'd ?- And, the 
breaking of an hermetically ſeal'd bubble, in our receiver, outwards, 
when the air _ m_ — and * before, with ſeveral other 

experiments, that might be eaſily apply'd to this purpoſe, ſufficien 
— that tis not a - and far — air, but a more yielding, — | 

—— that remains, after pumping, in the cavity of our receiver. But, 
as for the thing itſelf, when I related it, I thought it might admit a 
farther enquiry: and, indeed, there may be many ways of extinguiſh- 
ing fire; ſo that, as tis not, in all caſes, eaſy to aſſign the true cauſe 
of its extinction ; tis unſafe ro conclude, with Mr. Hobbs, that becauſe 
a candle, or a live coal, may be extinguiſh'd by a thick damp, there- 
fore the effect muſt proceed from the like cauſe, in our receiver, where 
there is no ſign of any damp, or unuſual. thickneſs of the air, but of the 
contrary. 
Mr. Hobbs next, pretends to ſhew, that neither the ſpring, nor weight 
of the air, have any thing to do with the two flat poliſh'd marbles, nor 
falling aſunder in our receiver; becauſe, ” ſays he, the. weight of 
*© theatmoſphere can do nothing there: he adds, that a ſtronger, or 
«© more evident argument could not be brought againſt a vacuum, than 
this experiment. For, if two coherent marbles ſhould, either of them; 
* be thruſt. forwards that way that their ſurfaces lie contiguous,, they 
| | Would 


| b | R i RENE 
The Pneumatical Experiments defended. 
run Mes. would eaſily be ſever d; the neighbouring air ſucceſſively flowing into 
te the deſerted place. But ſo to pull them aſunder, that, at one time, 
they ſhould loſe their whole contact, is impoſſible; the world being 
4 full: for then, either motion muſt be made from one term to another, 
« in an inſtant; or, two bodies, at the ſame time, muſt be in the ſame 
te place: to ſay either of which, is abſurd.” But how this ſhould be ſo 
ent, and manifeſt an argument, againſt the vacuiſts, I do not wel! 
. diſcern 3 for what it proves, if it prove any thing, ſeems to be, that in 
caſe the cohering marbles could be ſo ſever d, as to loſe, at once, their 
whole contact, the world might be concluded not to be full; but, I ſee 
not how ir thence follows, that therefore there can be no vacuum. For 
my part, I would demand, whether the ſtrong adheſion of the marbles 
be neceſſary, or not, to the plenitude of the world? If it be, how 
chance a ſufficient weight, hung to the lower marble, can immediately 
draw them aſunder? And, if it be not, why does not Mr. Hobbs aſſign 
ſome other cauſe of their ſo ftrong adheſion, if it depend neither upon 
the ſpring, nor weight of the air? As for the non-ſeparation of the 
two marbles, in our receiver, I have ſaid, that the cauſe may, proba- 
bly, be the preſſure of the air, remaining in the receiver; for, tis no 
way unlikely, that the remaining air ſhould be able to ſuſtain a weight 
of four or five ounces, hanging at the lower marble; ſince the free air 
2 able to ſupport between four and five hundred ounces, hanging at the 


But Mr. Hobbs tells us, that the cauſe I aſſign of the coheſion of our 

; marbles, is liable to great .inconveniencies ; for they confeſs,” ſays 
che, that all ponderation is an endeavour, every way, by right lines, 
© to the center of the earth: ſo that it is made not by the figure of a 
"M — or column, but by a pyramid, whoſe top is the center of 
© the earth; and whoſe baſis is part of the ſurface of the atmoſphere.” 
As if it were material whether a . whoſe baſis is ſcarce two inches 
diameter, and length ſome thouſands of miles, be conſider'd as a cylin- 
der, or a pyramid. Certainly, Stevinus, and other learned hydroftatical 
writers, would ſcarce have made this an objection; ſince they ſcruple 
not to poſtulate, that all perpendiculars, not very diſtant, be look d upon 

as parallel; tho they allow ſuch perpendiculars would meet in the cen- 

ter of the earth. What he adds, © that, therefore, the endeavour of all 
© the points, which ponderate, will be propagated to the ſurface of 

the upper marble, before it can be propagated further to the earth; 
to prove that the whole endeavour of the pyramid, that reſts upon the 

upper marble, is terminated there; and that there is no endeavour of 
.the atmoſphere, againſt the under ſuperficies of the lower-moſt marble ; 
ſeems grounded, partly, upon a conceit of his, about the nature of gra- 
ity : according to which, I ſee not why any body, plac'd between the 
ſides of that pyramid, or cone, whereof the upper ſuperficies of the 
higher marble is the baſis, ſhould deſcend upon the account of gravity ; 
and, partly, from a miſtake of my opinion: for, I no where ſpeak as l 
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1 thought the lower marble was ſuſtain'd by little globules, or other Puzwnarice. 


minute bodies, protruding one another, directly towards the center of 
the earth, and rebounding from a rfectly ſmooth ſurface. Nor, need 
I ſay, that the lower ſtone is ſuſtain'd by the preſſure of the ſame 
pillar of the atmoſphere, as reſts on the upper; ſince other parts of 
the atmoſphere, ſome on the one hand, and ſome on the other, preſ- 
ſing obliquely upon the uneven ſurface of the earth, may have their 
preſſure upward, terminated againſt the lower ſurface of the under- 
moſt marble. Thus, an æclipile being, by heat, well freed from air; 
if the little orifice, at the extremity of the neck, by which the air 

ets in and out, be ſoon carefully ſtopp'd with wax, and afterwards 
faber d to cool, there will not be, in the cavity of the zolipile, a re- 
ſiſtance near equal to the preſſure of the outward air. And, there- 
fore, if you perforate the wax, that air will be violently impell'd in, 
at the unſtopp'd orifice, whether the neck be held parallel, or per- 
pendicular to the horizon; or, in any other ſituation, in reſpect of the 
center of the earth. And the like will happen, if the æolipile be un- 
ſtopp'd under water. 

And, I lately met with the relation of an experiment, which. a- 
bundantly makes out the power of the ambient atmoſphere, to preſs 
bodies againſt each other, when it cannot get between their internal. 


ſurfaces. The ingenious author of the urgic experiment, writes 
to the induſtrious Schottus, that having caus d two copper plates to be 
made, almoſt in the form of ſcales, a little above an ell in diame- 


ter, and exactly fit; if when laid upon one another, © the air be drawn: 
out, they are Kept ſo compreſs d, and united, by the gravity of the 
* external air, that ſix ſtrong men cannot pull them aſunder ;, but if; at 
„length, they are disjoin d, they make a noiſe equal to the report of 
a muſquet; yet as ſoon as ever there is the leaſt entrance given to 
e the air, they fall aſunder of their own accord.” And, if a glaſs vial 
have a pipe open at both ends, fo fitted to it, that no air can getin 
or out, betwixt the neck and. it; and if the vial be ſo far fill'd with wa 
ter, that the lower- end of the pipe be well immers d therein; if you fuck 
at the upper-end of the pipe, the water will aſcend to a great height; 
which argues its being fore d upwards, by the oblique preſſure of the 
air in the vial: for *tis only in the pipe; and not in the vial, that 
we is any air in the ſame perpendicular with the water that is im- 
IVd. 

* to the aſcent of liquors by ſuction, Mr. Hobbs ſays, © whoever 
"* ſucks water into his mouth by a pipe, firſt ſucks up the air between; 
** whereby he removes the external. diſtended air, which can have no 
place, but by removing the next; and ſo, by continual pulſion, the 
* water is, at length, driven into the pipe, and ſucceeds the air which 
* is ſuckd out.” And this account of the phenomenon is, alſo, given 
by. the learned Gaſſendus, and other atomiſts; and ſeems generally ac- 
quieſc'd in by the modern. philoſophers... But, though. I deny not, that 

many 
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Fuser many phenomena of nature, may be, probably, explain'd by this pro- 
pagation, and return of motion; yet there are ſome others, here below, 
which. I ſee not how the Cartefians, the atomiſts, or Mr. Hobbs, can ſolve, 
without admittiug the ſpring of the air; and which, perhaps, may, by the 
ſpring of the air, be explain d, without recurring to ſuch a propagation, and 
return of impulſe. I took a glaſs veſſel, conſiſting of two parts; the 
one, a vial, capable of containing about a pound of water; and the 
other, a pipe, open at both ends; the lower of which reachd within two 
inches of the bottom of the vial: this pipe was faſten'd into the neck 
of the via, with melted glaſs, of a good thickneſs ; and into the veſſel, by 
the open pipe, I pour d water enough to ſwim a pretty way above the 
lower- end of the pipe; and then often inclin'd the veſſel to give a free 
intercouxſe betwixt the air within the vial, and that without it: whence, 
if the exteryal air Were compreſs d by the affuſion of the water, it might 
free itſelf, a8 it readily did, by aſcending in bubbles along the. inclined 
pipe, till the outward and inward air were reduced to an equality of 
preſſure. Now, if all ſuction were produced by the preſſure of the 
air, thruſt away by the dilated cheſt of him that ſucks, and ſo thruſt- 
ing the fluid into the pipe, it ſeems evident, in our caſe, that the water 
would not a ſcend by ſuction; ſince by the contrivance of the veſſel, the 
air chrüſt away by him that ſucks, cannot, at all, come to preſs upon 
the water. Yer, whether the pipe were inclin'd, or erect, the water 
-afcerided, upon ſuction, to the top of the pipe, and ran over into my 
mouth, and that with tolerable cafs for tho the ſpring of the air, pent 
«up in the vial, were able, upon the decreaſe of the preſſure of the out- 
Ward air, occaſion d by my ſuckins,' to impel the water ſtrongly into the 
pipe; yet, hen a moderate quantity of water had been ſo impell'd, the 
included air, gaining, thereby, more room to expand its ſpring, was ſo 
54% that the water aſcended far leſs eaſily than in ordinary 
ſuction. And, to ſhew that the aſcent of the water, ,in the pipe, did not 
proceed from any ſuch tendency, in the water itſelf, to aſcend, for pre- 
vention of a vacuum; I carefully took out the water, by degrees, till the 
lower-end of the pipe lay but very little under the ſurface. of the water; 
tho in the cavity of the pipe, the water was conſiderably higher: then 
ſuffering the veſſel to reſt, and ſucking at the upper- end of the pipe, the 
water was impell'd up, yet without reaching near the top, till the ſurface 
of it was fallen a little below the bottom of the pipe. But then, though 1 
.continud fucking, no more water aſcended into the pipe; but the air paſ- 
ſing thro it, towards my mouth, in its paſſage toſs d up the water that 
was already in the. pipe, and turn d it into bubbles, which broke with 
noiſe one after another. And thus the aſcending air long kept the 
water, in the pipe, from falling back to that in the vial ; but, when 
I remoy'd. my mouth, the ſpring of the air, remaining in the cavity 
,of the vial, being weaken'd by the receſs of the air, I had ſuck d out, 
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it was not able to reſiſt the preſſure of the outward air; and, accor- Pipe. 
dingly, the water in the pipe, was not only depreſs'd into the vial, EV" 
but the external air forc'd its way, in many bubbles, and not without 

ſome noiſe, through the water contiguous to the bottom of the pipe, 

till the preſſure of the included air, and that of the atmoſphere, were 

reduced to an equality. 
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his aſſertion, that there is no fuch thing as a vacuum; and whether 
he has rightly explain'd thoſe of nature, which he under- 
takes to ſolve; and eſpecially . by means of our engine. 
And, firft, as I account for the on of two flat poliſh'd marbles, by 
the preſſure of the air, Mr. Hobbs thinks this phenomenon ſo fully proves 
the plenitnde of the world, that tho he tells us, he has many ſtrong ar- 
ments to make it out, yet he mentions but this one, as abundantly ſuf- 
— for, ſays he, ſince the vacuiſts allow interſpers d vacuities, not 
only in the air that ſurounds the join'd marbles, but in the reſt of the 
— air, there is no reaſon why there ſhould be any difficulty in ſe- 
parating the marbles; or, at leaſt, any greater difficulty than in moving 
them in that air, after their ſeparation. But they will eaſily anſwer, that, 
notwithſtanding the vacuities they admit in the ambient air, a manifeſt rea- 
ſon may be given, on their hypotheſis, of a difficulty in the divulſion of 
the marbles : for, the vacuities they admit, being but nteriperyyl and yery 
ſmall; and the corpuſcles of the phere being, according'to them, en- 
dow'd with gravity, there reſt ſo many upon the upper ſurface of the 
marble, that this ſtone cannot be, at once, perpendicularly drawn up from 
the lower, contiguous to it, without a force able to ſurmount the weight of 
the aerial corpuſcles that preſs upon it. And this weight has already ſo 
condens'd the neighbouring parts of the ambient air, that he, who would 


per- 


1 Here only propoſe to conſider, whether Mr. Hobbs has cogently prov'd 
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icularly raiſe the upper marble from the lower, needs a conſide- Preunazes. 


rable force to make the revulſion, and compel the contiguous parts of the 


incumbent air, to enter the pores, or intervals intercepted between them. 
For, the force of him, who endeavours to raiſe the upper marble, whilft 
the lower ſurface of it is fenc'd from the preſſure of the atmoſphere, by 
the eontact of the lower, which ſuffers no air to come in between them, 
is not aſſiſted by the weight, or preſſure of the atmoſphere ; which, when 
the marbles are once ſeparated, preſſing as ſtrongly againſt the under ſur- 
face of the upper marble, as the incumbent atmoſpherical column does 
againſt the upper ſurface of the ſame marble ; the hand which endeavours 
to raiſe it, in the free air, has no other reſiſtance, than that ſmall one of 
the marble's own weight to ſurmount. 

And as for the reaſon which Mr, Hebbs, and, as he thinks, all others 
give of the difficulty of this divulſion, that the whole ſpace between 

the two ſeparated marbles, cannot be inftantaneouſly ſill'd by the air, 
* let the ſeparation be ever ſo ſudden;” the pleniſts may give a more 
— Sar rg you — than he bas o_ done A and, there- 

re, abſtract the two oppoſite hypotheſes, I may ſay, that the 
genuine cauſe of the phenomenon — to be that which I have already 
aſſign d; and that the difficulty of raiſing the upper ſtone, attending the 
air s not being able to come in all at once, to poſſeſs the ſpace left be- 
tween the ſ of the two marbles, upon their ſeparation, proceeds 
from hence; that, till this ſpace be fill d with the ——. air, the 
hand, which would raiſe the upper marble, cannot be fully aſſiſted by 
the preſſure of the air, againſt the lower ſurface of that marble : for, ſince 
I declare not for the hypotheſis of the pleniſts, as tis maintain'd by Mr. 
Hobbs, I am not bound to allow, what the common explanation, adopted 
by my adverſary, ſuppoſes, that either nature abhors a vacuum ; or, that 
there could be no divulſion of the marbles, unleſs at the ſame time, 
the air were admitted into the ſpace that divulſion makes for it. And a 
vacuiſt may ſay, provided the ſtrength e d, to draw up the upper 
marble, be able to furmount the weight of the aerial corpuſcles, ac- 
cumulated it; the divulſion would enſue, though no air, or other 
body, ſhould be itted to fill the room made for it, by the divullion ; 
and that the air s ruſhing into this ſpace, does not, neceſſarily, accom- 
pany, but, in order of nature, and time, follow, upon a ſeparation of 
the marbles; the air that ſurrounded their contiguous ſurfaces, being, 
by the weight of the collateral air above, — room y 
made by the divulſion. But, having 1 our pneumatic receiver, 
accommodated two flat and poliſh'4 marbles, ſo that the lower being 
fd, the upper might be laid upon it, and drawn up again, as there 
ſhould be occaſion; I found, that if, when the receiver was well exhauſted, 
the upper marble was, by a certain contrivance, laid flat upon the lower, 
they would not then cohere, as before, but, with great eaſe, be ſeparated ; 
tho it did not, by any phenomenon, appear, that any air could ruſh 
in, to poſſeſs the place given it by the receſs of the upper marble ; whoſe 
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PxzwxarTiCs.yery eaſy avulſion, ſeem'd owing to the preſſure of that little air remain- 


ing in the receiver, being too faint to make any conſiderable reſiſtance 
to the ſeparation of the upper marble ; whence the hand, that drew it up, 
had very little more to overcome, than the ſingle weight of the ſtone. 

But the cauſe Mr. Hobbs affigns for this phenomenon, is improbable ; and 


a better has been aſſign d already. For, firſt, he requires, to the divul- 


ſion of the marbles, a force great enough to ſurmount the hardneſs of 
the ſtone. But, this is gratis dittum ; and, it ſeems very unlikely, that fo 
ſmall a weight, as will ſuffice to ſeparate two coherent marbles, of about 
an inch, for inſtance, in diameter, ſhould be able to ſurmount the hard- 
neſs of ſuch ſolid ftones, as we uſually employ in this experiment. And, 
tho' it be, generally, judg'd more eaſy to break a broader piece of mar- 
ble, ceteris paribus, than a much narrower ; yet, neither I, nor, I believe, 
Mr. Hobbs, ever obſerv'd any difference in the reſiſtance of marbles to ſepa- 
ration, ariſing from the greater or leſs thickneſs of the ſtones. Yer, I 
find, by conſtant experience, that, ceteris paribus, the broadneſs of the 
coherent marbles, exceedingly increaſes the difficulty of disjoining them. 

But Mr. Hobbs, upon the ſuppoſition of the world's plenitude, illuſtrates 
our phenomenon, by drawing aſunder the oppoſite parts of a piece of 
wax : a very improper inſtance, ſurely ! For, the parts to be divided in 
the wax, are of a ſoft, and yielding conſiſtenee, and, according to him, of 
a ductile nature; and not, as the parts of the coherent marbles, very folid 
and hard. 'The parts of the wax, alſo, do not ſtick together, barely, by 
a ſuperficial contact of two ſmooth planes, as do the marbles we are 
ſpeaking of; but have their parts intangled with one another; and, there- 
fore, they are far from a diſpoſition to ſlide aſunder, like the marbles. 
Beſides, tis manifeſt, that the air has opportunity to ſucceed. in the 

laces ſucceſſively deſerted by the receding parts of the attenuated wax: 
— tis neither manifeſt, nor well proved by Mr. Hobbs, that the air, after 
the ſame manner, ſucceeds between the two marbles; which, as I lately 
noted, are not forced aſunder, after ſuch a manner; but, as himſelf 
ſpeaks, ſever'd, in all their points, at the ſame inſtant. 

In the ſecond place, a better ſolution of the phenomenon has been al- 
ready given, from the preſſure of the atmoſphere, upon all the ſuperficial 
parts of the upper marble, except thoſe that touch the plane of the lower. 
And to ſhew, that when two coherent marbles are ſuſtain'd, horizontally, 
in the air, the cauſe why they are not to be forc'd aſunder, if they have 
two or three inches in diameter, without the help of a conſiderable weight, 
is the preſſure of the ambient air; I caus d two ſuch coherent marbles to 
be ſuſpended in a large receiver, with a weight at the lower, that might 
help to keep them ſteddy; but was very inconſiderable to that which 
their coheſion could have ſurmounted : then cauſing the air to be pump'd, 
by d , out of the receiver, the marbles long ſtuck cloſe together ; 
becauſe, during that time, the air could not be ſo far exhauſted, but that 
there remain'd enough to ſuſtain the ſmall weight, which endeavour'd their 
divulſion. But, when the air was further evacuated, at length, the ſpring 
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of the little expanded-air, that remain'd, being grown too weak to ſuſtain — 


the lower marble, and its ſmall clog, they dropp'd off. And, to con- 
firm my explanation of our phenomenon, I ſhall add, that as this trial, 
which I had, ſeveral times, occaſion to repeat, ſhews the coheſion of our 
two contiguous marbles, would ceaſe, upon withdrawing the preſſure of 
the atmoſphere ; ſo, by another experiment, it appears, that ſuch a preſ- 
ſure ſufficed to cauſe that coheſion : for, having found, that when the 
receiver was well exhauſted, two marbles, tho' conſiderably broad, being 
laid upon one another, after the requiſite manner, their adheſion became 
ſo weak, that the upper would be eaſily drawn up from the other, we 
laid them again one- upon the other ; and then letting the external air flow 
into the receiver, we found that the marbles now adhered ſo well together, 
that we could not raiſe the upper without the lower. 

But, farther, Mr. Hobbs, in arguing againſt our engine, unjuſtly ſuppo- 
ſes the whole- defign of it to be the proof of a vacuum ; for, or againſt 
which, I have never yet declared. 

Beſides, he ſeems not to have rightly underſtood, or, at leaſt, not to 
have ſufficiently regarded, in what, chiefly, conſiſts the advantage which 
the vacuiſts may make of the air-pump, againſt him. In ſeveral places he 
is very ſollicitous to prove, that the cavity of our pneumatical receiver, is 
not, altogether, — but, the vacuiſts may tell him, that, ſince he aſ- 
ſerts the abſolute plenitude of the world, he muſt reject, not only great va- 
cuities, but, alſo, thoſe very ſmall, and interſpers d ones, which, they ſuppoſe, 
are intercepted between the ſolid corpuſcles of other bodies, and particu- 

| larly 


* The moſt cautious, and reſerv'd phi- | ance of flaid mediums is nearly in propor- 
loſopher, need, now, make no ſcruple to | tion to their * and, tis a great 
aſſert a vacuum. Sir Iſaac Næcoton has fur- | miſtake, to think that the reſiſtance of 
niſh'd us with ſeveral arguments, which | projectiles will decreaſe in infinitum, by an 
are deciſive of this point. Thoſe, indeed, | infinite diviſion of the parts of the fluid; 
who make the eſſence of matter to conſiſt for, tis plain, that reſiſtance cannot be 
in extenſion, may. well deny a vacuum ; | conſiderably leſſen d, by _— the parts 
but the nature of gravity,which is propor- | of the fluid. For, why ſhould not the 
tionable to the matter, or ſolid content | ſame quantity of matter have the ſame 
of bodies, fully demonftrates, much the | power of reſiſtance, when divided into 
largeſt part of the univerſe to be empty | many fubtile parts, as when divided into 
ſpace. The motions of the comets, alſo, | a few that are — ? A ſphere, mo- 
— a vacuum; for, theſe move |ving in a compreſs'd fluid at reft, and 
in all manner of planes, and directions, of the ſame denſity with itſelf, would 
thro” the vaſt celeſtial ſpaces, without any | loſe half its motion, before it had gone 
ſenſible reſiſtance. The vibrations of pen- | twice the length of its diameter. 
dulums confirm the ſame; for, if they be | In another place, the ſame great philo- 
made to move in à ſpace free from air, | ſopher argues thus. The reſiſtance of 
they, likewiſe, meet with no reſiſtance; water ariſes — — and, almoſt, 
and, therefore, there is no ſenſible matter © intirely, from the Vis inertiæ of its mat- 
remaining in that ſpace. If there were ter; and, by conſequence, if. the hea- 
no vacuum, a projeQiile in the air, or, in a , vens were as denſe as water, they would 
ſpace deſtitute of air, would move as ,* not have much leſs reſiſtance than wa- 
dowly as in quick-filyer ; for, the refiſt- © ter; if as denſe as quick-filyer, — 
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N Des larly, of the air: whence it would not confute them to prove, that, in our 


receiver, when moſt thoroughly exhauſted, there is not one great and abſo- 
lure vacuity; or, as they ſpeak, a vacuum coacervatum; ſince ſmaller, and 
diſſeminated vacuities would ſerye their turn. And, therefore, they may 


think their pretenſions highly favour'd, as by ſeveral particular effects, 


Olaſs impervi- 


ous to air. 


ſo by this general phenomenon of our engine, that the common, or at- 


moſpherical air, which, before the pump was work'd, pofleſs'd the whole 
cavity of our receiver, is, by the contrivance of the pump, made, in a 
great meaſure, to paſs out of the cavity into the open air, without being 
able, at leaſt, for a while, to get in again; yet it does not appear, by 
any thing Mr. Hobbs has alledg'd, that any other body ſucceeds, adequately 
to fill the ſpaces deſerted by ſuch a multitude of aerial corpuſcles. 

And, tho' he endeavours to prove our receiver to be always full of air ; 
yet, that the common air cannot enter thro* the pores of glaſs, appears 
by the following experiment. We took a bubble of thin white glaſs, about 
the bigneſs of a nutmeg, with a very ſlender ſtem, four or five inches long, 
and of the thickneſs of a crow's (quill ; and holding the end of this ſtem 
in the flame of a lamp, blown with a pair of bellows, it was readily ſeal'd 
up; and preſently the ſpherical part of the glaſs being held by the tem, 
was kept turning in the flame, till it became red-hot, and ready to melt ; 
then, being a little removed from the heat, as the included air began to 
loſe of its agitation, and ſpring, the external air maniſeſtly, and conſidera- 
bly preſs'd in one of the ſides of the bubble. But the glaſs being again, 


„ would not have much leſs reſiſtance | ©* ſerves only to ſtop the vibrating motion 
than quick-filver; if abſolutely denſe, | © of their parts, wherein their heat and 
«or full of matter, without any vacuum, | © adtivity conſiſts. And, as it is of no uſe, 
« Jet the matter be never ſo ſubtile and | ( and hinders the operations of nature, 
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« in ſuch a medium, would loſe aboye | © fore, it ought to be rejected. 

4 half its motion, in moving three times] 1 ol ſpace, was equally full, the 
„ the of its diameter; and, a globe, « ſpecific gravity of the fluid, where- 
not ſolid, ſuch as are the planets, would | with the region of the air is fill'd, 
s be retarded ſooner. And, therefore, | would, by reaſon of the vaſt denſity 
% co make way for the regular, and laſt- “ of its matter, be as heavy in ſpecie, 
ing motions of the ; planets, und co- | ©* as quick-filver, gold, or any other 
% mets, tis neceſſary to empty the hea- ! ** the moſt denſe body; whence neither 
venus of all matter, except, perhaps, gots nor any other matter, would 
« ſome very thin vapours, ſteams, or efluvia, | ** deſcend in that air: for, no bodies 
« ariſing from the atmoſphere of the earth,, deſcend in fluids, that are not ſpeci- 
« planets, and comets. A denſe fluid can | ** fically lighter than _ 

* be of no uſe for;explaining the pheno-} "Tis 4 demonſtrable, that all bo- 
mon of nature; the motions of the pla- dies have more pores, than ſolid parts; 


nete, and comets, being better explain'd | and, that ſome have infinitely more pores 


iſturb, | than others; whence ariſes another proof 
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before the cold crack d it, held, as before, in the flame; the rarified air Pn e. 
diſtended and plump'd up the bubble ; which, being the ſecond time re- a 


mov 'd, was a ſecond time compreſs'd ; and being, the third time, brought 
back to the flame, ſwell'd as before, and removed, it was again compreſs d; 
till, at length, having ſatisfied ourſelves, that the included air was capa- 
ble of being oondens d, or dilated, without the ingreſs or egreſs of air, 
roperly ſo called, we held the bubble ſo long in the flame, ſtrengthen d 
y nimble blaſts, that not only it had its ſides plump'd up, but a hole vio- 
—— in it, by the over-rarified air, tho', till then, it was no way 
cra 
Hence, it eaſily appears, how impervious our thick pneumatie receivers 
are to common air; ſince a thin glaſs bubble, when its pores were open d, 
or relax d by flame, would not give paſſage to the ſpringy particles of the 
air, tho violently agitated : for, if theſe particles could have got out of 
the pores, they never would have broke the bubble ;nor, probably, would 
the 2 that afterwards enſued, of the bubble, by the ambient air, 
be d near ſo ſoon, if thoſe ſpringy corpuſcles had not remaind 
within to make reſiſtance. | | c 


| The nature of 


Let, what I 3 deſign d, in this experiment, was, to bew, and — bY 


prove at once, by an 1 
true nature of rarifaction, and condenſation, at leaſt, of the air: fox, tis 
here plain, chat when the bubble, after the glaſs had been firſt thruſt in, 
towards the center, was expanded again by heat, the included air poſ- 
Jeſs\d more rvom than before; yet it could perfectly fill no mere rom 
than before; each aerial particle taking up, both before and after the heat- 
ing of the bubble, a portion of ſpace adequate to its own bulk: ſo that 
in che cavity of the expanded bubble, we muſt either admit vacuities inter- 
dibetween the corpulcles of the air; or allow, that ſome tine partides of 
flame, or other ſubtile matter, came in, to fill up thoſe interſtices; which 
matter muſt have enter d the cavity of the glaſs at its pores. And, afterwa nds, 
when the red-hot bubble was remoy'd from theiflame, it is evident, that ſince 
the S the air could not get thro the glaſs, which they were 
unable to do, even when n by an ambient flame, the com- 
preſſion of the bubble, and the co ation of the att, nacaſſarily dmſequent 
upon it, cou'd not, fuppoling che plenitude of the world, be perform d 
without fqueezing out ſome of the ſubtile matter, comain'd in the cavity 
af the bubble, whenee it could not iſſue but at the pores of the glaſs. 


not liable to the ordi exceptions, the condenſation. 


Mr. Hobbs is plens'd ito compare our Pneumatic engine to a Pot=gun, The preſſure of 
and attributes che phenemena, exhibited in the exhauſted receiver, to chef, ü, woe 


exyanſiwe endeavour of che air out wards : I fhall, therefore; ſhew, that 
there is, in our exhauſted receiver, no ſuch ſtrong endeavour outwards, as 
he ; hut that the weight of the atmuſpherical air, when tis not 
1 by the counter-preſflure of any internal air, is able to perform 
vrhat a 2 many pounds would not ſuffice for. Glaſs notibeing a 
yielding body, cannot, by the alteration of its figure, from an external 


uniform preſſure, ſu when: duch an one is:exercis'd upon. it; and; there- 


fore, 


* 


- 


704 
peseerte, fore, inſtead of a receiver of glaſs, we provided one of pewter, and applied 
AW to the engine, after the uſual manner. And tho the inverted veſſel, by 


N bether air 
netrates 
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reaſon of its ſtiffneſs, thickneſs, and the convexity of its ſuperficies, were 


ſtrong enough to have ſupported a great weight, without changing its fi- 


re ; yet, as ſoon as by an exſuction or two, the remaining part of the 


included air was brought to ſuch a degree of expanſion, that its weaken'd 


ſpring was able to afford little affiftance to the tenacity and firmneſs 
of the metal, the weight of the pillar of the incumbent atmoſphere, pre- 
ſently depreſs'd the upper- part of the veſſel; at once leſſening its capacity, 
and changing its figure; ſo that, inſtead of the convex ſurface, it gain'd a 
-concave one. The experiment ſucceeded, alſo, with a common - pewter 
porringer. And, fometimes 1 found, alſo, that the veſſel would be thruſt 


In, not at che top, but on the ſide; if that were the only part made too 


* txemor'd. 


thin to reſiſt the external preſſure. 


1 Mr. Hobbs, afterwards, proceeds to the Torricelian experiment; which 
Giver, i, the he Will needs have perform d by means of air in the tube; and attempts 
Terricellian to prove, that air may paſs thro quick-filver, becauſe a blown bladder, for- 


experiment. 


cibly detain'd under it, will, of itſelf, emerge, when the detaining force is 
This, L confeſs, is ſarprizing. It concern'd Mr. Hobbs to prove, that as 
much air as was diſplac'd by the deſcending mercury, did, at the orifice 
of the tube, immers'd in ſtagnant mercury, inviſibly aſcend to the 


-upper-parr of the pipe; and, he tells us, that a bladder full of air, 


being Sd in quick-ſilver, will, when the hand that depreſs'd it is 
remoy'd, be ſqueez d up by the very weight of the mercury; whence it 


© 

. 

* 

25 * 
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follows; that air may penetrate quick-ſilver. But, who ever deny'd that 
air, ſurrounded with quick-ſilver, may, thereby, be ſqueez'd upwards ? 
And, ſince even very {mall bubbles of air, — ſeen to move in their 
—— thro mercury, how will this example help Mr. Hobbs? For, tis 
by mere accident that the air, included in the bladder, comes to be buoy'd 
up, becauſe the bladder itſelf is fo ; and, if it were fill'd with water, 
inſtead of air; or with ſtone, inſtead of water; it would, nevertheleſs, 
emerge, as himſelf confeſſes, if it were iron, or any matter, ex- 
cept ; becauſe all other bodies are lighter in ſpecie, than quick- 
ſilyer. But, ſince the emerſion of the bladder is manifeſt enough to 
the fight, how does this prove, that the air gets into the Torricellian 
tube inviſibly ; ſince our eyes diſcover no ſuch motion of the air, which 
mult not only ' paſs unſeen thro the ſuſtain d quick-filver, but, likewiſe, 
imperceptibly dive, in ſpight of its comparative lightneſs, beneath the 
Iurface- of the ftagnant mercury, to get in at the orifice of the erected 
But, to dlear up this matter, having made the Torricellian iment 
an a ſtrait tube, after the ordinary manner, we took a piece of fine blad- 
der, and, raiſing the pipe a little in the nt mercury, but not ſo high 
as the ſurface thereof, we dextrouſly convey d it into the quick-filver, ſo as 
tobe apply d by the finger to the immers'd orifice of the pipe, without let- 
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ting the air get into the cavity of it ; then the bladder was, cautiouſly, ty'd un 


very tight to the lower end of the pipe, whoſe orifice it cover'd before, and 
the pipe, being now ſlowly lifted out of the ſtagnant mercury, the ſuſtain'd 
quick-ſilyer appear d to preſs, but very lightly upon the bladder; being ſo 
near an exact equilibrium with the — air, that if the tube were 
but a very little inclin d, whereby the perpendicular gravitation of the quick- 
filver came to be ſomewhat leſſen'd, the bladder would immediately be dri- 
ven into the orifice of the tube, and to the eye, plac'd without, appear to 
have acquir'd a concave ſuperticies, inſtead of | convex it had before. 
when the tube was again erected, the bladder would no longer a 

pear ſuck'd in, but be again ſomewhat protuberant. And, if, — the 
mercury in the tube was made to deſcend, a little below its ſtation, into the 
ſtagnant quick-ſilver, the piece of bladder were, at the juncture, nimbly 
and dexterouſly apply d, as before, to the immers'd orifice, and faſten d to 
the ſides of the pipe; upon lifting the inſtrument out of the ſtagnant mer- 
cury, the cylinder of quick-ſilver being now ſomewhat ſhorr. of its due 
height, was no longer able, fully to counterpoiſe the weight of the atmo- 
{ſpherical air; which, conſequently, tho' the glaſs were held erect, would 

reſs up the bladder into the orifice of the tube, and cauſe a cavity, ſenſible 
boch to the eye and touch. 

This experiment fully ſnews, that the preſſure of the external air is able 
to ſuſtain a cylinder of twenty- nine or thirty inches of mercury, and, up- 
on a ſmall diminution of the gravity of that ponderous fluid, to preſs it up 
higher into the tube. But a er uſe may be made of it againſt Mr. Hobbs. 
For, when the tube is again erected, the mercury will ſubſide as low as at 
firſt, and leave as great a ſpace, as formerly was left deſerted at the top; 
into which, how the air ſhould get to fill it, will not appear eaſy to them, 
who know, that a bladder will rather be burſt by air, than afford it paſ- 
ſage. And if it ſhould be pretended, either, that ſome air from without 
had got thro the bladder, or, that the air preſum d to have been, juſt be- 
fore, included between the bladder and the mercury, made its way from the 
lower part of the inſtrument to the upper; we reply, tis no way likely, 
that it ſhould paſs all along the cylinder, unperceiv'd by us; ſince when there 
are really any aerial bubbles, tho' ſmaller than pins heads, they are eaſily 
diſcernible. And, in our caſe, there is no ſuch reſiſtance of the air to the 
aſcent of the ſtagnant mercury, as Mr. Hobbs pretends in the Torricellian 
experiment, made after the uſual way. 

But further, we took a cylindrical pipe of glaſs cloſed at the upper end, 
and ſo long, that being dexterouſly bent at ſome inches diſtance from the bot- 
tom, the ſhorter leg was made parallel to the longer. Inthis glaſs, we found 
anexpedient to make the Torricellian experiment; the quick- ſilver in the ſhorter 
leg ſerving inſtead of the nt portion in the uſual baroſcope ; and that 
in the longer leg, reaching above the mercury in the ſhorter about eight or 
nine and twenty inches. Then, by another artifice, the ſhorter leg, into 
which the mercury did not riſe within an inch of the top, was ſo order d, 
that it could in a trice be hermetically ſeal'd up ; an inch of common air be- 
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PuzvxariG.jng left in it, without diſordering the mercury: and having, in this manner, 
' ſhut up ſuch a quantity of uncompreſs'd air, we warily held a pair of 
heated tongs near the outſide of the glaſs, whereby, the air being agitated, 
was enabled to expand itſelf to double its former dimenſions ; and, conſe- 
quently had its ſpring ſo ſtrengthen'd, that it was able to raiſe all the quick- 
filver in the longer leg, and ſuſtain a mercurial cylinder above nine and 
twenty inches high ; when,were it not for the heat, it would have loſt half the 
force of its elaſticity. 

Now Mr. Hobbs will find it very difficult to ſhew, what keeps the mer- 
cury ſuſpended in the longer leg of ſuch a barometer, when the ſhorter leg 
is unſtop'd, at which it may run out; fince this inſtrument is portable. 
And when the ſhorter leg is ſeal'd, it will be very hard for Mr. Hobbs to 
ſhew there the odd motions of the air, to which he aſcribes the Torricellian 
experiment. For if you warily incline the inſtrument, the quick-ſilver will 
rite to the top of the longer leg, and immediately ſubſide, when the inftru- 
ment is again erected ; and yet no air appears to paſs thro” the quick-filver 
interpos'd between the ends of the longer, and the ſhorter leg. But that, 
which I would chiefly take notice of in this experiment, is, that upon the 
external application of a hot body to the ſhorter leg, when ſeal'd up, the in- 
cluded air was expanded from one inch to two; and ſo rais'd the whole cy- 
linder of mercury in the longer leg ; and whilſt the heat continu'd undimi- 
niſh'd, kept it from ſubſiding again. For if the air were able to get, unſeen, 
thro' the body of the quick-filver, why had it not been much more able, 
when rarify'd by heat, to paſs thro' the quickſilver, than for want of do- 
ing ſo, to raiſeand ſuſtain ſo great a weight of mercury? 

* The laſt thing attempted by Mr. Hobbs, in his problems, is to account for 
comes to Kr the riſe of water into a vial plung'd therein,with the mouth downwards, af- 
fon? of their aty ter ſome air has been ſuck d out of it: where he demands, upon ſuppo- 
is drawn out. ſing a Vacuum, and, conſequently, interſpers'd vacuities in the air of the 
vial, © how it happens, that the water would not aſcend before the ſuction 
was made?” To this the vacuiſts will eaſily anſwer, by acknowledging, 
that there were, indeed, interſpers'd vacuities in the air contain'd in the vial, 
before the ſuction; but adding that there was no reaſon why the water 
ſhould aſcend to fill them, becauſe, being a heavy body, it cannot riſe of itſelf, 
but muſt be rais'd by ſome prevalent weight or preſſure, which was then 
wanting. Beſides, there being interſpers'd vacuities, as well in the 
reſt . e air that was very near the water, as in that contain'd in the 
vial, there is no reaſon why the water ſhould aſcend to fill the vacu- 
ities of one portion of air, rather than that of another. But, when once, 
by ſuction, many of the aerial corpuſcles were made to paſs out of the vial, 
the ſpring of the remaining air being weaken'd, whilft the preſſure of the 
ambient air, which depends upon its conftant gravity is undiminiſh'd, the 
fpring of the internal becomes unable to reſiſt the weight of the external air ; 
Which is therefore able to impel the interpos d water, with ſome violence, in- 
to the cavity of the glaſs, till the air, remaining in that cavity, being re- 
duced, almoſt, to its uſual denſity, is able, by its ſpring, and the weight — 
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the water 7 up into the vial, to hinder any more from aſcending. For, as P*zyzxaries. 
r a 


to what Mr. Hobbs affirms; that the perſon, who ſucks the vial, draws 
nothing into his ſtomach, lungs or mouth;” how he will reconcile this 
with what he elſewhere delivers about ſuction, I leave him to conſider. I 


cannot, however, but wonder at his confidence, who can poſitively aſſert a 


thing ſo repugnant to the common ſentiments of men of all opinions, with- 
out offering any proof for it. But, I ſuppoſe, they who are, by trial, ac- 


quainted with ſuction, and have felt the air come in at their mouth, will pre- 


er their own experience to his authority. And as to what he adds, that 
the perſon who ſucks, agitates the air, and turns it within the vial into a kind 
of circulating wind, that endeavours every where to get out; I wiſh he had 
ſhewn us, by what means a man in ſacking makes this odd commotion in 
the air, eſpecially, in ſuch vials as Iemploy about this experiment, the ori- 
tice whereof is ſometimes leſs than a pin's head. 

But that real air may be — by ſuction, out of a glaſs, appears 
by an experiment made with a receiver exhauſted by our pump; and, conſe- 
quently by ſuction. For, when we had counterpois'd it in very nice ſcales, 
and, afterwards, by turning a ſtop-cock, let in the outward air, there ruſh'd 
in as much to fill the ſpace deſerted by the evacuated air, as weigh'd ſome 
{cruples, tho? the receiver were not of the largeſt ſize. 

Mr. Hobbs pretends, that as ſoon as the neck of the vial is unſtopp'd un- 
der water, the air that whirl'd about before, makes a ſally out, and forces 
in as much water. But if the orifice be any thing large, you, will, inſtead 
of feeling an endeavour to thruſt away your finger that ſtop'd it, find the 

ulp of it, ſo thruſt inward, as to appear to be ſuck'd in. And this may 
be the reaſon why the lip of him who ſucks, is often ſtrongly faſten'd to the 
orifice of the vial's neck; which Mr. Hobbs aſcribes to a moſt exquiſite 
contact, but without clearly telling us how that extraordinary contaCt is 
effected. And, when your finger is remov'd, inſtead of perceiving any 
air go out of the vial thro' the water ; which, if any ſuch thing happen'd, 
would eaſily be diſcover'd by the bubbles; you ſhall ſee the water briekly 
ſpring up in a ſlender ftream to the top of the vial ; which it could not do, 
if the cavity were already full of air. And, to prove, when the air re- 
ally paſſes in and out of the vial immers'd under water, that *ris very eaſy to 
perceive its motions ; if you dip the neck of the vial in water, and then 
apply to the globular part of it, either your warm hands, or any other 
competent heat ; the internal air being rarify'd, a portion of it, anſwerable 
to the d of heat apply'd, will manifeſtly paſs thro' the water in ſuc- 
ceſſive bubbles, whilſt yet no water gets into the vial to fill the place de- 
ſerted by that air. And, if, when you have filld the neck, and part of 
the belly of the vial with water, you immerſe the orifice into ſome that is 
ſtagnant, and apply your warm hands to the ſpherical part as before; the 
water in the vial will be driven out, before any bubbles paſs our of the 
vial into the ſurrounding water; which ſhews, that the air is not ſo forward 
to diveunder water, as Mr. Hobbs ſuppoſes. 
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But to clear up this matter ſtill farther, we took a glaſs bubble with a 
ſlender cylindrical ſtem, and by applying a convenient heat to the outſide of 
the ball, we expell'd ſo much of the air, that, when the end of the pipe was 
dipt in water, and the inward air had time to recover its former coolneſs, 
the water aſcended to the top of the pipe. This done, we gently, and warily 


_ . rarify'd the air in the cavity of the bubble, till, by its expanſion, it had 


driven out, almoſt all the water, which had got up into the ſtem ; ſo that 
it might attain, as near as poſſible, to that degree of heat and meaſure of 
expanſion, it had, when the water began to riſe in it. And, we left two 
or three drops of water, unexpell'd, at the bottom of the pipe; to be 
ſure, that none of the included air was, by this ſecond rarifaction, driven 
out at the orifice of it: as the depreſſion of the water ſo low aſſured us, 
on the other ſide, that the included air wanted nothing conſiderable of 
the expanſion it had when the water began to aſcend into the pipe. Whilft 
the air was in this rarify'd ſtate, we preſently removed the little inftru- 
ment, out of the ſtagnant water, into ſtagnant quick-ſilver, which, in a 
ſhort time, began to riſe in the pipe. Now, if the aſcent of the liquor 
were the effect of nature's abhorrence of a Vacuum, or of ſome internal 
principle of motion, or of the compreſfion or propagated truſion of the 
outward air, by that which had been expell'd ; why ſhould not the me 


have aſcended to the top of the pipe, as the water did before? But in fact, 


it did not aſcend near half ſo far; and if the pipe had been long enough, 
as well as twas {lender enough, I queſtion, whether the mercury would 
have aſcended, in proportion to the length of the ſtem, half ſo high as it 
did. 

Now, of this experiment, which we try'd more than once, I ſee not 
how any good account can be given without our hypotheſis, according to 
which tis clear; for the aſcent of liquors, being an effect of the prevalen- 
cy of the external air's preſſure againſt the reſiſtance it meets with in the 
cavity of the inſtrument, and the quick-ſilver being bulk for bulk many 
times heavier than water; the ſame ſurplus of preſture that was able to 
impel up water to the top of the pipe, ought not to be able to impel up the 
quick-ſilver to any thing near that height. And if it be here objected, 
as it very plauſibly may, that the rais d cylinder of mercury was much 


longer than it ought to have been, with regard to a cylinder of water, 


the proportion in gravity between thoſe two fluids being conſider'd; I anſwer, 
that when the cylinder of water reach'd to the pipe, the air poſſeſſed no 
more than the cavity of the ſpherical part of the inſtrument ; being very little 
aſſiſted to dilate itſelf by ſo light a cylinder as that of water: but when 
the quick-ſilver came to be impell'd into the inſtrument ; by the weight of 
the external air; that ponderous body did not ſtop its aſcent, as ſoon as it 
came to be equiponderant to the expell'd cylinder of water; becauſe to 
attain that height it reach'd but a little way into the pipe, and left all 
the reſt of the cavity to be filld with part of that air, which former- 
3 all ſhut up in the bubble; by which means, the air included in 

whole inſtrument muſt needs be in a ſtate of me 
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thereby have its ſpring weaken'd, and, conſequently, diſabled to reſiſt — 


the preſſure of the external air, as much as the ſame included air did 
before, when it was leſs rarify'd : on which acccount, the undiminiſh'd 
Jai, 4 or preſſure of the external air was able to raiſe the quick-ſilver 
gradually higher, till it had obtain'd that height, at which the preſſure, 
compounded of the weight of the mercurial cylinder, and the ſpring of 
the internal air, now leſs rarify'd than before, was equivalent to the preſ- 
ſure of the atmoſphere. 

And, to confirm this experiment, by a kind of inverſion of it, we, 
by heat, drove a little air out of the bubble, and dipt the open end of 
the pipe into quick-ſilyer, which, by this means, aſcended, till it had 
filld about a fourth part of the pipe when held ere. Then, carefully, 
removing it, without letting fall any quick-ſilver, or letting in any air, 
we held the orifice of the pipe a little under the ſurface of a glaſs full of 
water ; and applying a moderate heat to the outſide of the ball, we wa- 
rily expell'd the quick-ſilver, yet leaving a little, to be ſure, that no 
air was driven out with it ; then ſuffering the included air to cool, the ex- 
ternal made the water, not only aſcend to the yery top of the pipe, and 
thence ſpread itſelf a little into the cavity of the ball, but carry'd up 
before it, the quick-ſilver that had remain'd unexpell'd at the bottom 
of the ſtem. And, if, in making the experiment, we firſt raisd, as 
we ſometimes did, a greater quantity of quick-filyer, and afterwards 
drove it out; the quantity of water that would be impell'd into the ca- 
vity of the pipe, and ball, was accordingly increas'd. 

this experiment, tis manifeſt, that ſomething is driven out of the 
cavity of the glaſs, before the water or quick-ſilver begins to aſcend in it. And 
here, alſo, we ſee not, that the air can paſs thro the pores of quick- ſilver or 
water, but that it drives them on before it, without eaſil mixing with 
them. And there appears no circular wind, as Mr. Hobbs fancies in the 
ſuck'd vial, nor any tendency outwards of the included air, upon the 
account of ſuch a wind : but that inftead of theſe, the afcent of the li- 
quors into the _ of the pipe, depends upon the external air preſſing 
them up, appears from hence, that the ſame weight of the atmoſphere, 
impelVd into the pipe ſo much more of the lighter fluid, water, than of 
the heavier, mercury. 

And that there is no need of the ſallying of air out of a vial to make 
the atmoſpherical air preſs againſt a body that cloſes the orifice of it, 
when the preſſure of the internal air is much weaken'd, I have ſhewn, by 
ſucking out, by the help of an inſtrument, a conſiderable portion of 
the air contain d in a glaſs: for, having then, inftead of unſtopping the 
orifice under water, ſuddenly apply'd a flat body to it, the external air 
preſs'd that body ſo forcibly againſt it, as to keep it faſten d and ſuſpended, 
tho? twere clogg'd with a weight of many ounces. Or if there be ſuch a 
circular wind, as Mr. Hobbs pretends, produced by ſuction, in the cavity of 
the vial, it muſt needs be ſtrangely laſting. For I have ſeen more than once, that 
when, by an inſtrument, much air has been ſuck'd out of a vial, which —_ 
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Puzvxarics-terwards carefully cloſed, and thus kept for ſome months; yet, when 't was 
E open'd under water, a convenient quantity of the liquor would be briskly 
impel'd up into the neck and belly of the vial. | | 
And, having with the ſun-beams produced ſmoke in one of thoſe well- 
ſtop'd vials; this circular wind did not at all appear to blow it about, but 
ſuffer'd it to riſe, as it would have done, if the included air had been very 
calm. | | | | | 
I fhall add but one experiment more, which will not be liable to ſome 
of the objections, invalid as they are, that Mr. Hobbs has alledg'd in his 
account of the ſuck'd vial ; and which will ſhew, that the weight of the 
atmoſphere is a very conſiderable thing; and alſo, that whilſt Mr. Hobbs 
does not admit a more ſubtile matter than common air to paſs thro” the pores 
of cloſe and ſolid bodies; the air he has recourſe to, will ſometimes 
come too late to prevent a Vacuum. Having caus'd an zolipile very light, 
conſidering its bulk, to be made by a famous artift, J had occaſion to put 
it ſo often into the fire, for ſeveral trials, that the copper ſcal'd off by 
degrees, and left the veſſel much thinner than when it firſt came out of 
the artificer's hands; and now, after a long interval, I had occaſion to employ 
it, as formerly, to weigh the air it would contain. To make this ex- 
periment the more exactly, the air was, by a ſtrong fire, carefully driven 
away ; when clapping a piece of ſealing-wax to the pin-hole, at which it 
had been forc'd out, we prevented a communication betwixt the cavity of 
the inſtrument, and the external air; and ſuppoſing the zolipile to be very 
well exhauſted, we laid it by, that when it ſhould be grown cold, we 
might, . by ing the- orifice again, let in the outward air, and obſerve 
what 4 2 weight it would make. But the inſtrument had been ſo 
far exhauſted, that what air remain'd, being unable by its ſpring to aſſiſt 
the zolipile to ſupport the weight of the ſurrounding air; this external 
fluid did, by its weight, ſo ſtrongly compreſs it, and thruſt it ſo conſide- 
rably inwards, and, in more than one place, fo change its that 
when I ſhew'd it to the Gentlemen aſſembled at Greſham College, they 
were pleas'd to command it of me, to be kept in their repoſitory. 
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Cauſe of Attraction 
SUCTION 


— 


UCTION being, — look d upon as a kind of attraction, ir The Natare of 
8 will be requiſite to — 


remiſe ſomething about the latter, in order to 
clear the nature of 1 former. The cauſe, nature, and notion of 
attraction, are, generally, either left untouch'd, or happen to be but very 
obſcurely deliver d. 6 to 
How general and antient ſoever, the common opinion may be, that attrac- 
tion is a kind of motion quite different from — — I confeſs, it ſeems to 
me, a ſpecies of pulſion; at leaſt, among inanimate bodies. I have not, yet, 
obferv'd : any thing which ſhews Arn ien cannot be reduc'd to pulſion: 
for they ſeem but extrinſical denominations of the ſame local motion, in 
which, if a moved body precede the movent, or tend to get at a greater 
diftance from it, we call it pulſion; and if, upon account of the motion, 
the ſame body follow the movent, or approach to it, attraction. But this 
diflerence may conſiſt only in an accidental reſpe& ; which does not phyſi- 
cally alter the nature of the motion, but is founded upon the reſpe& which 
the line, wherein the motion is made, happens to have to the ſituation of the 
movent. And, that which ſeems to have been the chief cauſe of miſtaking 
attraction, for a motion oppoſite to pulſion, is, that men look upon both the 
moving, and moved bodies, in a popular and ſuperficial manner; and con- 
fider in the movent, rather the ſituation of the conſpicuous, and more 
bulky part of the agent, than the ſituation of that part of it, which imme 
diately impreſſes the motion upon the mobile, | | * 
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Puzxuxarics: Whoever attentivel s this, may eaſily obſerve, that ſome pa 
8 vely regards this, may eaſily obſe part of 


the body, or of the inftrument, which, by reaſon of their conjunction, in 
this operation, is to be look'd on as but making one with it, is really plac'd 
behind ſome part of the body to be drawn; and therefore cannot move on- 
wards itſelf, without thruſting the body forward. Thus, when a man 
draws a chain after him, tho his body precede the chain, yet his finger, or 
ſome other part of the hand, wherewith he draws it, has ſome part, or 
other, which reaches behind the fore- part of the firſt link: and the hinder- 
rt of this link comes behind the firſt part of the ſecond link; and ſo each 
ink has one of its parts placed behind ſome part of the next link after it, 
till you come to the laſt link of all. And ſo as the finger, that is in the 
firſt link, cannot move forwards, but it muſt thruſt on that link, by this 
ſeries of truſions, the whole chain is thruſt forwards: and, if any other 
body be drawn by that chain, you may perceive ſome part of the laſt link 
comes behind ſome part of that body, or of ſome interyening body, which, 
by its coheſion with it, ought, in our preſent caſe, to be conſider d as part 
of it. And thus attraction ſeems to be but a ſpecies of pulſion ; and uſu- 
ally belongs to that kind of it, which, for diſtinction ſake, is called truſion; 
whereby we underſtand that kind of pulſion, wherein the movent goes a- 
long with the moved body, without quitting it, whilſt the progreſs laſts; 


= happens in propelling a wheel-barrow, without letting go the hold 


It. 


But, it may be ſaid, there are attractions where it cannot be pre- 
tended that any part of the attrahent comes behind the attracted body; 
as in magnetical, and electrical attractions; and in that which is 
made of water, when drawn up into ſprings, and pumps. Now, the 
Cartefians, and other modern philoſophers, have recourſe, either to 
crew d particles, and other magnetical emiſſions, to ſolve phenomena of 
this kind; and, according to ſuch hypotheſes, we may ſay, that many of 
theſe magnetical, and electrical effluvia, come behind ſome parts of the 
attracted bodies; or, at leaſt, of the little ſolid particles, that are, as it 
were, the walls of their pores; or procure ſome diſcuſſion of the air, that 
may make it thruſt the moveable towards the load- ſtone, amber, Cc. 
But, if there were none of theſe, nor any other ſubtile agents, to cauſe 
this motion, by a real, though unperceiv'd pulſion, I ſhould make a diſtin- 
tion betwixt other attractions, and theſe which I ſhould then call attra- 
tions by inviſibles. However, in raiſing water into the barrel of a ſy- 
ringe, there is no true attraction made of the liquor. For, by the aſcend- 
ing rammer, as a part of which, I here conſider the obtuſe end, plug, or 
ſucker, there is no attraction made of the contiguous and ſubjacent water, 
but only room made for it to riſe into, without being expos'd to the 
— of the ſuperior air. For, if we ſuppoſe the whole rammer to 

annihilated, and, conſequently, incapable of exerciſing any attra- 
ction; yet, provided the ſuperior air were kept off from the wa- 
ter, by any other way, as well as 'twas by the rammer, the ** 


would as well aſcend into the cavity of the barrel; ſince the ſurface of the 
| terra- 
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terraqueons globe, bein 8 preſs d on by the incumbent atmo- N 
ſphere, the water muſt, by that preſſure, be impell d into any cavity, here | 
below, where there is no air to reſiſt it; as, by e t there is 
not, in the barrel of our ſyringe, when the rammer was annihilated. T hus, 
if the external air, and conſequently, its preſſure, be, by the air-pump, 
withdrawn from about the ſyringe, you may raiſe the ſucker as much as 
you pleaſe; but none of the ſub-jacent water will follow. In ſhort, let 
us ſuppoſe, that a man, ſtanding in an inner-room, does, by his utmoſt re- 
fiftance, keep ſhut a door, that is neither lock d, nor latch d, againſt ano- 
ther, who, with equal force, endeavours to thruft it open; in this caſe, 
if one ſhould forcibly pull away the firſt man, it could not be ſaid, that 
he, by his receſs from the door he endeavour d to preſs outwards, did truly 

and properly draw in his antagoniſt, though, upon that receſs, the coming 
in of” his antagoniſt, would preſently enſue ; fo it cannot, properly, be 
ſaid, that, by the aſcent of the rammer, which difplaces the n, air, 
either the rammer itſelf, or the expell'd air, properly attracts the ſub- 
jacent water, tho the ingreſs of 12 liquor, into the barrel, thereupon 
neceſſarily enfues. And/that,' as the compariſon ſuppoſes, there is a preſ- 
ſure of the ſuperior air againſt the upper- part of the fucker, may be ea- 
ſity perceiv'd, if, having well topp d the lower orifice of the ſyringe with 

our finger, you forcibly draw up the ſucker to the top of the barrel; for, 
if then you let go the rammer, you will find it impetl'd downwards, by the 
iticumbent ait, with a conſiderable for eee. 
Having thus premis'd ſomething, in general, about the nature of at- 
traction, as far as tis neceſſary for my preſent deſign, we may proceed 
to the conſideration of that kind of it, employ d to raiſe liquors, which 
is, by a diſtinct name, called fuction. | 4 

1 * che cauſe of this, there is great contention, between the modern Jp of 
philoſophers, and the 'Periparetics. The former aſcribe the aſcent of li- 3 
quors, upon ſuction, to nature's abhorrence of vacuum: for, ſay chey, 
when a man dips one end of a ſtraw, or reed, into ſtagnant water, and 
ſucks at the other, the air contain'd in the cavity of the reed, paſſes in- 
to that of his cheft ; and, conſequently, the reed would be left empty, if 
no other body ſucceeded in the place it deſerts : but there are only two bo- 
dies that can ſucceed, the air, and the water ; now the air cannot do it, 
becauſe of the interpoſition of the water, that denies it acceſs to the im- ; 
mers'd orifice of the reed; and, therefore, it muſt be the water itſelf, | 
which, accordingly, aſcends, to prevent a vacuum, abhorr'd by nature. 
But many of the modern philoſophers look upon this Fuga wacui as an 
imaginary cauſe of ſuction. The atomiſts, who willingly admit vacuities, 
properly fo called, both within our world, and out of it, cannot think that 
nature dreads a vacuum, and declines her uſual courſe to prevent it. And 
the Cartefians, tho they, as well as the Peripatetics, deny a vacuum, yet, 
ſince they affirm, not only that there is none in nature, but that there can 
be none, they will not grant nature to be ſo indiſcreet, as to ſtrain herſelf 
to prevent the making of a thing that is impoſſible to be made. 
01. II. Yyyy The 
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cording to ſome, compreſſes the contiguous air, and that, the next to it, 
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Puka. The Peripatetic opinion, about the cauſe of ſuction, though commonly 
V defended by the ſchools, as well modern as antient, ſuppoſes in nature, 


fuch an abhorrence of a vacuum, as neither has been well prov'd, nor a- 

s with the late phenomenon of ſuction: ſince, according to their hypo- 
theſis, water, and other liquors, ſhould aſcend, upon ſuction, to any height, 
to prevent a vacuum, which yet 1s not agreeable to experience. . For, I 
have carefully tried, that by working a pump, far more ftanch than thoſe 
that are uſually made, and, indeed, as well clos d as we could, poſſibly, 
bring it to be, we could not, by all our endeavours, raiſe water, by ſuction, 
to above 33 + feet. The Torricellian experiment ſhews,. that the weight 
of the air is able to ſuſtain, and ſome of our experiments ſhew, tis able 
to raiſe a mercurial cylinder, equal, in weight, to as high a cylinder of wa- 
ter, as we were able to raiſe by pumping, For, mercury being near 14 
times as heavy as. water, of the ſame bulk, if the weight of the air be 
equivalent to that of a mercurial 2 of 29, or 30 inches, it muſt 
be able to counterpoiſe a Junge water, near 14 times as long ; that is, 
from 34, to 36 feet. And, very diſagreeable to the common hypotheſis, 
but conſonant to ours, is the experiment that I have, more than once, 
made, by taking a glaſs pipe, about three feet long, dipping one end of 
it in water, and ſucking at the other, whereby the water will be, ſud- 
denly, made to flow briskly into one's mouth; when if, inſtead of water, 
you dip the lower-end_ into quick-ſilver, though you ſuck as ſtrongly as 
ever you can, provided, in this cafe, as in the former, you hold the 


pipe upright, you will never. be able to raiſe the quick- ſilver near ſo high 


as your mouth: ſo that, if the water aſcended, upon ſuction, to the top of 
the ſame pipe, becauſe there would, otherwiſe, have been a vacuum left 
in the cavity of it; why ſhould not we conclude, that when we have ſuck'd 
up the quick-ſilyer, as ſtrongly as we can, ſo much of the upper-part of 


the tuhe, as is deſerted by the air, and yet not fill'd by the mercury, ad- 


mits, in part at leaft, a vacuum, as to air; of which, conſequently, na- 
ture cannot, reaſonably, be ſuppoſed, to have ſo great and unlimited an 
abhorrence, as the Peripatetics preſume. Yet, I will not determine whe- 
ther there be any more than many little vacuities, or ſpaces deſtitute of air, 
in the cavity of the PIPe, unfill'd by the mercury, ſo that the whole cavity is 
not one entire empty ſpace ; it being ſufficient, for my purpoſe, that the ex- 
periment affords a good argument againſt the Peripatetics ; and warrants 
us to ſeek for ſome other cauſe, than a Fuga vacui, why a much ſtronger 
ſuction, than that which made the water aſcend, with eaſe, into the mouth, 
will not alſo raiſe quick-ſilver to near the ſame height. | 

'Fhoſe modern a re erik who admit not a Fuga vacui to be the cauſe 


of the aſcent of liquors, in ſuction, generally agree in referring it to the 


action of the thorax : for, when a man endeavours to ſuck up a liquor, he, 
by means of the muſcles, inlarges the cavity of his cheſt; which he cannot 
do, bur, at the ſame time, he muſt thruſt away thoſe parts of the am- 
bient air, that were contiguous to his cheſt ; when, the diſplaced air, ac- 


and 
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ſo onwards, till the preſſure, ſucceſſively, fro art of the PW vices. 
and ſo preflure, ſucceſſively, paſſing from one p chang, or 


air to the other, arrive at the ſurface of the liquor ; ſo that all other places 
being, as to ſenſe, full, the impell'd air cannot find place, but by thruſting 
the water into the room made for it in the pipe, by the receſs cf the air, 
that paſs'd into the lungs of the perſon. And, they differ not much from 
this explanation, who, without raking in the compreſſion of the ambienr 
air, made by the thorax, refer the phenomenon to the propagated motion, 
or impulſe, impreſs d on the air, diſplac'd by the thorax, in its dilatation, 
and yet unable to move in a world perfectly fil'd, as they ſuppoſe ours to 
be, unleſs the liquor be impell'd as much into the cavity of the pipe, as 
faſt as tis deſerted by the air, ſaid to be ſuck d up. But, tho' I readily 
confeſs this explanation to be ingenious, and ſuch as I wonder not they 
ſhould acquieſce in, who are only acquainted with the obvious phenomena 
of ſuction; and tho*' I am not frrw! that in the moſt familiar caſes, the 
cauſes aſſign d by them, may not contribute to the effect, yet I cannot ac- 
quieſce in this theory: for, I think the cauſe of ſuction aſſign d, is, in 
many caſes, not neceſſary ; in others, not ſufficient. And, firſt, as to the 
condenſation of the air, by the dilatation of the cheſt ; when I conſider the 
extent of the ambient air, and how ſmall a compreſſion, no greater an ex- 
nſion than that of the thorax is likely to make; I can ſcarce think fo 
ight a condenſation of the free air, ſhould have ſo conſiderable an effect on 
the ſurface. of the liquor, to be rais'd, as the hyotheſis requires: and, 
that this impulſe of the air, by the dilated thorax, though it accompanies 
the aſcent of the water, procured by ſuction, is not of abſolute neceſſity 
thereto, will, I preſume, be eaſily granted: even a propagated pulſion, ab- 
ſtrated from any condenſation of the air, is not ſo neceſſary, but that the 
effet may be produc'd without it. Now, ſuppoſe ſo much air as is diſ- 
placed by the thorax, annihilated, yet the aſcent of the liquor would ſtill 
enſue ; for, when a man begins to ſuck, there is an equilibrium between 
the preſſure which the air contain d in the pipe, has, by virtue of its ſpring, 
upon that part of the ſurface of the water, that is ſurrounded by the ſides 
4 the pipe, and the preſſure which the atmoſphere has, by virtue of its 
weight, upon all the reſt of the ſurface of the ſtagnant water: ſo that 
when, by the dilatation of the thorax, the air, within the pipe, comes to 
be rarified, and, conſequently, to loſe of its ſpring, the weight of the ex- 
ternal air continuing, in the mean time, the ſame; it muſt neceſſarily hap- 
pen, that the ſpring of the internal air will be too weak, to balance, any 
longer, the gravitation of the external; and, conſequently, that part of 
the ſurface of the ſtagnant water, which is included in the pipe, being 
leſs preſs'd upon than all the other parts of the ſame ſurface, muſt neceſ- 
ſarily give way, and, therefore, be impell'd up into the pipe, where the 
air, having had its ſpring weaken d, is no longer able to reſiſt it, as be- 
fore. Thus, conceiving that, within a chamber, three men thruſt all to- 
gether, with their utmoſt force, againſt a door, to keep it ſhut, at che 
ſame time that three others, of equal ſtrength, endeavour to thruſt it open; 
though, whilſt their oppoſite endeavours are equal, the door will continue 
| Y YYy 2 ſhur, 
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WARY hut, yet, if one of the three men, within the room, ſhould ceaſe to act, 


: 


there would need no new force, in the three men, to make them prevail, 
and thruſt open the door, againſt the reſiſtance of the two. 

The long neck of a * bubble, being ſeal'd up, and, almoſt, all the 
air, by heat, driven out of the whole cavity thereof, the glaſs was laid a- 
ſide, for ſome hours; afterwards; the feal'd apex of the neck was broken 
off, under water: I demand, now, of a Peripatetic, whether the liquor 
qught to be fuck'd, or drawn into the cavity of the glafs ; and why ? If 
he fays, as, queſtionleſs, he will, that the water wou'd be attracted, 
to hinder a vacuum, he, thereby, acknowledges, that, till the glaſs 
was unſtopp d, under water, there remain'd ſome empty ſpace in it: for, 
till the ſeal d end was broken off, the water cou'd not get in; and there- 
fore, if the Fuga vacui had any thing to do in the aſcent, the liquor muſt 
riſe, not to prevent an empty ſpace, but to fill one that was made before. 
Nor does our experiment much more favour the other philoſophers, I 
diſſent from: for there is, here, no dilatation made of the ſides of the glaſs, 
as in ordinary ſuction there is made of the thorax; but only ſo much air 
driven out of the cavity of the bubble, into whoſe room, ſince neither com- 
mon air, nor water, is permitted to ſucceed, it appears not how the pro- 
pagated, and returning impulſe, or the circle of motion, as to common 
air and water, takes place. Again, I demand, what becomes of the air, 
that has been, by heat, driven out, and is, by the hermetical ſeal, kept 
out of the cavity of the bubble? If it be faid, that it diffuſes" itſelf inte 
the ambient air, and mixes with it; this is to grant, hat I contend for, that 
fo little air, as is uſually diſplac d in ſuction, cannot make any conſiderable 
compreſſion of the free ambient air: for, what can one cubic inch of air, 
which is, ſometimes, more than one of our glaſſes contains, do, towards 
condenſing à whole chamber full, when the expell'd corpuſcles, are evenly 
diſtributed among thoſe of the ambient? And how comes this inconfiderable 
condenſation ro have ſo great an effect in every part of the room, as to be 
able there to impel into the glaſs, as much water, in extent, as the whole 
air that was driven out of the cavity of it? But, if it be ſaid, that the 
expell'd air only condens'd the contiguous air; tis no way probable that 
the expell'd particles of the air; ſhould not, by the different motions of 
the ambient air, be quickly made to mix with it; but ſhould rather wait 
till the veſſels; whence twas driven out, were unſtopp'd again. But though 
this could, probably, be pretended, it cannot, truly, be aſſerted : for, if 
you carry the ſeaV'd glaſs quite our of the room, and unſtop it at ſome 
other place, tho two or three miles diſtant, the aſcent of the water will, 
as 1 found by trial, nevertheleſs, enſue; in which caſe, I preſume, it 
cannot be ſaid, that the air expell'd out of the glaſs, and which condens'd 
the contiguous air, attended the bubble in all its motions; and was ready 
at 8 impel in the water, as ſoon as the ſeal'd apex of the vial was 
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In our h h fis of ſucti 5 . ſe, firſt, ithout diſputi Piru 
own hypothe uction, we ſuppo without diſputing ei- Pran 


ther the exiſtence or the nature of elementary air, that the common air, 
we breathe in, and which Icall atmoſpherical, abounds with corpuſeles not 
deſtitute of weight, and endow'd with elaſticity, whereby the lower parts, 
compreſs'd by the weight of the upper, inceſſantly endeavour to expand 
themſelves ; by which expanſion, and in proportion to it, the ſpring of the air 
is weaken'd, the more they are permitted to ftretch themſelves. 

Next, we ſuppoſe, that the terraqueous globe, being ſurrounded with 
this gravitating and ſpringy air, has its ſurface, and the bodies placed on 
it, prefSd by as much of the atmoſphere, as either perpendiculary reſts 
on them, or can otherwiſe come to bear upon them. This preflure is, by the 
Torricellian and other experiments, found to be equivalent to a perpendicular 
cylinder of about twenty-nine or thirty inches of quick-ſilver. 

Laſtly, we ſuppoſe, that, air being contain'd in a pipe or other hollow 
body, having but one orifice open to the free air, if this orifice be her- 
merically ſeal'd, or otherwiſe clos d, the included air, whilft it continues 
without any farther expanfion, will have an elafticity equivalent to the 
— * as much of the out ward air as did before preſs againſt it. For, 
if the weight of the atmoſphere had been able to compreſs it further, ir 
would have done it; and then the cloſing of the orifice, at which the internal 
and external air communicated, as it fenc'd the included air from the 
preſſure of the incumbent, ſo it hinder d the fame included air from ex- 
panding itſelf ; whence, as it was ſhut up with the preſſure of the atmo- 
tphere upon it, that is in a ſtate of as great compreſſion as the weight of 
the atmoſphere could bring it to, ſo being ſhut up, and thereby kept from 
weakening that preſſure by expanſion, it muſt retain a ſpringineſs propor- 
tionable to the preflure *rwas before expos'd to. But if, as was faid in the 
firſt ſuppoſition, the included air ſhould come to be dilated or expanded, 
its ſpring, like that of other elaſtic bodies, would be weaken'd, anſwera- 
bly to that expanſion. | TT&5'71 

To me then it ſeems, in general, that liquors are, upon ſuction, rais d 
into the cavities of pipes, and other hollow bodies, when there is a leſs 
preſſure on the ſurface of the liquor in the cavity, than on the ſurface of 
the external liquor, that furrounds it; whether that preſſure of thoſe parts 
of the external liquor, which are from time to time mpelFd up into the ori- 
ſiee of the pipe, proceed from the weight of the atmoſphere; the propagated 
compreſſure, or impulſe, of ſome parts of the air, the ſpring of the air, or 
fome other cauſe ; as the preſſure of bodies quite diſtinct from air. 

Upon a general view of this hypotheſis, it ſeems very agreeable to me- 
chanical principles. For, if there be, on the different parts of the ſurface of 
a fluid body unequal hap "tis plain, as well the nature of the 
thing, as by what has been demonſtrated by Archimedes, that the greater 
force will prevail againſt the leſs; and that ſuch a part of the water's fur+ 
face muſt give way, as is the leaſt preſs'd. t! f 

To proceed to ſome experiments made in favour of this hypotheſis. 
We took a glaſs pipe bended like a fiphon ; but ſo; that —— 
850 para 
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Prags, parallel to the longer, and hermetically ſeal 


The Nature of Suction explained. 


d at the end : into this ſiphon 
we convey d water, ſo that the crooked part being held downwards, the 


liquor reach'd to the ſame height in both legs; about an inch and an half of 


uncompreſs'd air being ſhut up in the ſhorter. This little inſtrument, 
about drown inches long, being thus prepared, tis plain, that, accordin 

to the hypotheſis I diſſent from, there is no reaſon why the water ſhoul 

aſcend upon ſuction. For, tho*' we ſhould admit, that the external air were 
conſiderably compreſs'd, or receiv'd a notable impulſe when the cheſt is en- 
larg'd, yet, in our caſe, that compreſſion or protruſion will not reach the 
ſurface of the water in the ſhorter leg; becauſe it is there fenced from the 
action of the external air, by the ſides of the glaſs, and the hermetical ſeal 


at the top: but if a perſon ſuck'd ſtrongly at the open orifice in the longer 


leg, the water in the ſhorter would be depreſs'd, and that in the longer 
aſcend, at one ſuck, about an inch and a half ; of which the reaſon is clear on 
our hypothefis. For- the ſpring of the included air, together with the 
weight of the water in the ſhorter leg, and the preſſure of the atmoſpheri- 
cal air, aſſiſted by the weight of the liquor in the longer leg, balanced 
one-another before the ſuckion began; but when, afterwards, upon ſuc- 
tion, the air in the longer leg came to be dilated, and thereby weaken d, 
?twas render d unable to reſiſt the undiminiſh'd preſſure of the air included 
in the ſhorter leg; which, conſequently, expanding itſelf, by virtue of its 
elaſticity, depreſs'd the contiguous water, and made it proportionably riſe 
in the oppoſite leg, till its ſpring being by the expanſion gradually more 
weaken'd, it balanced the gravitation or preſſure of the atmoſphere. 
And this is the reaſon why, when the perſon who ſuck d had rais'd the 
water in the longer leg leſs than three inches higher, by repeated endea- 
vours, and that, without once ſuffering the water to fall back again, he 
was not able to elevate the water in the longer ſo much as three inches a- 
bove its firſt ftation. And if in the ſhorter leg, there was only an inch and a 
quarter of ſpace left for the air; by ſeveral acts of ſuction, skillfully re- 
eated, he could not raiſe the liquor in the longer leg above two inches; 
uſe, by that time, the air included in the ſhorter leg had, by expand- 

ing itſelf further, proportionably weaken'd its ſpring, till, at length, it 
became as much rarify d as the air in the cavity of the longer leg; and, 
conſequently, was to to thruſt away the water with no more force 
than the air in the longer leg was able to reſiſt. And hence it appear d, 


that the rarifaction uſually made of air by ſuction, is not near ſo great as 


one would expect; probably, becauſe, by the dilatation of the lungs, the 
air, being ſtill ſhut up, is but moderately rarify d; and that in the longer 
leg can by them be brought to no greater degree of rarity than the air 
Within the cheſt. For whereas the included air in our inſtrument was 


not expanded, at one ſuck, to above double its former dimenſions, and 


by ſeveral ſucceſſive ſucks was expanded, but from one inch and a half to 


leſs than four inches and a half, if the ſuction could have been conveniently 


made with a great ſtanch ſyringe, the rarifaction of the air would, proba- 
bly; have been far greater; ſince, in our pneumatic engine, air may without 
Hs £ | heat, 
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heat, and by a kind of ſuction, be brought to poſſeſs many hundreds of P*zv 
times the ſpace it took up before. From this rarifaction of the air in both 


the legs of our inſtrument, proceeds another phenomenon readily explicable 
by our hypotheſis. For if, when the water was impell'd up as high as the 
ſuction could raiſe ir, the inſtrument were taken from the perſon's mouth, 
the elevated water would, with violence, return to its wonted ſtation. For 
the air, in both legs of the inſtrument, having by ſuction loſt much 
of its ſpring, and, conſequently of its power of preſſing ; when once the 
orifice of the longer leg was left open, the e ae air came again to 
gravitate upon the water in that leg; and the air included in the other, ha- 
ving its ſpring weaken d by the preceding expanſion, was not able to hinder 
the external air from violently repelling 1 elevated water, till the included 
air was thruſt into the ſpace it poſſeſs d before the ſuction; in which ſpace it 
had denſity and elaſticity enough to reſiſt the preſſure that the external air 
exercis d againſt it, thro” the interpos d water. 

But our hypotheſis about the cauſe of ſuction, needs only the aſſiſtance of 
our pneumatic engine. For by trials, purpoſely devis d and carefully 
made there with, we found, that a good ſyringe being ſo convey d into the 
receiver, that the open orifice of the pipe, or lower part, remain'd under 
water ; if the vp Pp were exhauſted, and the handle of the ſyringe drawn 
up, the water did not follow it, which yet it would do if the external 
air were let in again. The reaſon of which is plain; for the air that 
ſhould have preſs'd upon the ſurface of the ſtagnant water having been 
pump'd out, there was nothing to impel up the water into the deſerted 
cavity of the ſyringe, till the receiver was filld with air. 

I ſhall next offer ſome eaſy experiments to make out theſe three propoſi- 


1. That a liquer may be rais'd by ſuction, when the preſſure of the air, 


neither as it has weight nor 1 is the cauſe of it. 


2. That the weight of the atmoſphere is ſufficient to raiſe up liquors in 


ſuction. 


3. That, in ſome caſes, there will be no ſuction, tho” there is a dilatation 


of the thorax; and nodanger of a Vacuum, if the liquor ſhould afcend. 


I. And firſt to ſhew how much the riſing of liquors, in ſuction, depends g 
upon the weight or preſſure of the impelling body; and how little neceſlity alen the * 
there is, where ſuch a preſſure happens, that in the place deſerted by the Re jo olaſli=— 


liquor ſuck d, there ſhould ſucceed air, or ſome other viſible body; I devis d T en. 


the following experiments. We took a glaſs pipe, fit for the Torricellian expe- 
riment, but much longer than was neceſſary for that uſe; this being her- 
metically ſeal'd at one end, the other was ſo bent as to be reflected up- 
wards, and make, as it were, the ſhorter leg of a ſiphon parallel to t 

longer; ſo that the tube was now ſhaped like an inverted ſiphon, with legs 
of a very unequal length. This we fill'd with mercury in an inclining poſ- 
ture, and then erecting it, the mercury ſubſided in the longer leg, as in the 
Torricellian experiment, and attain'd to Lewe two feet and a quarter, and 


two feet and a half, above the ſurface. of the mercury in the ſhorter leg, which 


p 
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ren this inſtrument anſwers to the ſtagnant mercury in an ordinary baro- 


meter. Out of the ſhorter leg of this tube, we warily took as much mer- 
cury as was thought convenient; and this we did ſo as to hinder any air 
from getting intò the deſerted cavity of the longer leg; by which 
means, the mercurial cylinder retain d the fame height above the ſtagnant 
mercury in the ſhorter. The upper and cloſed part of this portable Baro- 
meter muſt have been free from common air, becauſe, if gently inclin'd, 
the quick-filver would aſcend to the top of the tube; which it could not 
do, if the place formerly deſerted by it were poſſeſs' d by the air. The in- 
ſtrument being thus fitted, I caus'd a perſon to ſuck at the ſhorter leg of 
it; whereupon there preſently enſued an aſcent of four or five inches of 
1 8 7 in that leg, and a proportionable ſubſidence in the longer; yet in 
this caſe the riſe of the mercury cannot proceed from the preſſure of the 
air. For the weight of the atmoſphere 1s fenc'd off, by that which cloſes 
the upper end of the longer tube: and the ſpring of the air has here no- 
thing to do; fince the ſpace deſerted by the mercury, is not poſſeſs d by the 
included air: and the pulſion or condenſation of the air, ſuppos'd by ſeve- 
ral modern philoſophers to be made by the dilaration of the cheſt, and to 
1 upon the ſurface of the liquors that are to be fuck'd up, cannot here 
pretended; becauſe the ſurface of the liquor in the longer leg is every 
way fenc'd from the preſſure of the ambient air. It remains, therefore, 
that the cauſe which rais'd the quick-ſilver in the ſhorter leg, upon the 
ſuction, was the weight of the collateral quick-ſilver, ſuperior in the longei 
leg; which being equivalent to the weight of the atmoſphere,” there is a 
lain reaſon why the ſtagnant mercury in the ſhorter leg ſhould be rais'd 
ome inches by ſuction, as mercury ſtagnant in an open veſſel will be rais'd 
by the weight of the atmoſphere, when the ſuction is made in the open air: 
for, in both caſes, there is a pipe that reaches to the hrs 0 mercury, 
and competent weight to impel it into that pipe, when thie air in the ca- 
= y of it has its ſpring weaken'd by the dilatation that accompanies 
ſuction. 


| 2. Thar the weight of the air is ſufficient to raiſe liquors in ſuction, ma 
appear by arguments drawn from the Torricellian experiment; and 57 


r=putmþ. And with the 


lie view, Having provided an inſtrument in imitation of the portable ba- 


| 2 RHng "7 
i=: 1 »  -Fometer, Mtely mention d, but whoſe legs were not ſo unequ 055 and 


we or 
of feyeral.inches unfill'd with ſtagnant mercury. Then T cans 


d the matter fo, that there remain'd in the ſhorter + Sig length 
a perſon 


to raiſe the quick-filver, by fuction, ſo to the orifice of rhe ſhorter le 


1 it made the Torricellian experiment, after the manner deſcrib'd, 


chat the orifice' being ſeaſonably and dexrerouſly clofed, the mercury conti- 


nud to fill that leg as long as we thought fit; and then haying put a mark at 
the ſurface of the mercury in the longer leg, we unſtop'd the orifice of the 
4 ;. whereupon the mercury that before filfd it, was depreſs'd, till in 

ger leg it was rais'd five inches, or more, above the mark, and continu'd 


the long 
lac This mercury, rais d by ſuction, was depreſs d; becauſe its own 


weight 
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was far from being able, to raiſe ſo tall a cylinder of mercury, as made a 
counterpoize in the longer leg; and therefore, the depreſſion we ſpeak of, 
is to be reſerr d to the gravitation of the atmoſpherical air upon the ſur- 
face of the mercury in the ſhorter leg. And I ſee no cauſe to doubt, that 
if we could have procur'd an inſtrument, into whoſe ſhorter leg, a mercu- 
rial cylinder many inches higher might have been ſuck'd up, it would, by 


this contrivance, have appear'd, that the preſſure of the atmoſphere could. 


eaſily impel up a far taller cylinder of mercury than it did in our experi- 
ment. For, it the gravity of an incumbent pillar of the atmoſphere be able 
to compreſs a parcel of included air as much as a mercurial cylinder equi- 


valent, in weight, to between thirty and thirty- five feet of water is able to 


condenſe it, the ſame atmoſpherical cylinder may well be able, by its weight, 
to raiſe and counterbalance twenty-eight or twenty- nine inches of quick-fil- 


ver, or an equivalent pillar of water in tubes, where the reſiſtance of 
theſe two fluids, to be rais'd and ſuſtain'd by the air, depends, only, upon 


their own unaſſiſted gravity. 
To confirm our doctrine of the gravitation of the atmoſphere, upon the 


ſurface of the liquers.expos'd to it, I ſhall ſubjoin an experiment, devis d to 


* 


ſhew, that the incumbent air, in its uſual ſtate, would compreſs other air in 


the like natural ſtate, as much as a cylinder of twenty-eight or twenty- 
nine inches of mercury could condenſe it. But in order hereto, I ſuppoſe 


it known, that about. twenty-nine or thirty inches of quick-ſilver will 


compreſs air ſhut up, in its uſual ſtate, in the ſhorter leg of our portable ba- 


rometer into half the ſpace it polleſs'd before. 
We provided a portable barometer, wherein the mercury in the longer 
was kept ſuſpended by the counterpoize of the air that gravitated on 


the ſurface of the mercury in the ſhorter, which, we had ſo order'd, that 


it reach'd not, by about two inches, to the top of the ſhorter leg. Then 
making a mark at the place where the ſtagnant mercury reſted, twas mani- 


feſt, according to our hypotheſis, that the air in the upper part of the 


ſhorter leg was in its natural ftate, or of the ſame degree of denſity with 
the outward air, with which it freely communicated at the open orifice.of 
the ſhorter leg; ſo that this ſtagnant air was equally preſs d upon by the 
weight of the collateral ſuperior cylinder of mercury in the longer leg, 
and the equivalent weight of a directly incumbent pillar of the atmoſphere. 
Then the upper part of the ſhorter leg that had been before, purpoi ly, 
drawn out to, almoſt, a capillary ſmallneſs, was hermetically. ſeal'd'; 
which, tho the inſtrument remain d erect, was ſo ſuddenly done, by reaſon 
of the ſlenderneſs of the pipe, that the included air did not appear to be 
ſenſibly heated:-after this, we open'd the lower end of 1 leg 
without ſhaking the veſſel; by which means, the atmoſpherical air, gaining 
acceſs to the mercury included. in the longer leg, did, by its gravitation up- 
on it, ſo compreſs the air included in the ſhorter leg, that, according to the 
eſtimate we made, with the help of a ruler, it was crowded into near half. 


the ſpace it took up before; and conſequently ſuffer'd a compreſſure like that, 


Vol. II. 2222 which 


RO 77 
weight could not here make it fall; ſince a mercurial cylinder of five inches u 1 


722 


Pp ich a mercurial cylinder of about twenty-nine inches would have given 
ce. which a cy | ty-nine in | Ve -given 


it. 
2 This experiment was made a ſecond time, with like ſucceſs. 
1 , 3. And to make it yet further appear, how much the aſcent of liquors, 


That the 
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by ſuction, depends upon preſſure, rather than upon nature's imaginary ab- 
horrence of a Vacuum, or the pr d pulſion of the air; T will ſubjoin 
an inſtance, wherem that preſum'dabhorrence cannot be pretended. The 


experiment was thus made. 


A glaſs ſiphon, like thoſe lately deſcrib'd, with one leg far longer than 
the x. ay was hermetically ſeal'd at the ſhorter leg, and then, by degrees, we 
put in, at the orifice of the longer leg, as much quick-ſilver, as by its weight 
ſufficed to compreis the air in the ſhorter leg, into about half the ſpace it 
poſſeſs d before; ſo that, according to the Peripatetic doctrine, the air 
muſt be in a ſtate of preternatural condenſation, and that to a far greater 


degree, than tis. uſually brought by cold intenſe enough to freeze wa- 


ter. Then, meaſuring the height of the quick-ſilver in the longer tube a- 
bore the ſuperficies of that in the ſhorter, we found it not to exceed thirty 
inches. Now if liquors roſe, in ſuction, for fear of a Vacuum, there is no 


reaſon why this quick- ſilver in the longer part of the ſiphon ſhould not ea- 


fily aſcend upon ſuction, at leaſt till the air in the ſhorter leg had regain d 
its former dimenſions; ſince it cannot, in this caſe, be pretended, that if 
the mercury ſhould aſcend, there would be any danger of a Vacuum in the 


ſhorter leg of the tube; becauſe the contiguous included air is ready at hand 


to ſucceed, as faſt as the mercury ſubſides in the ſhorter leg of the ſiphon. 
Nor can it be alledg'd, that, to fill the place deſerted by the quick-ſilver, 
the ineluded air mult ſuffer a preternatural rarifaction; ſince tis plain, that, 
on the contrary, as. long as the air continues in the ſtate whereto tis re- 
duced by the weight of the quick-ſilver, it is kept in a violent Rtate of com- 
preſſion, becauſe in the ſhorter leg it was in its natural ſtate, when the 
mercury pour d into the longer leg did, by its weight, thruſt it into about 
half the ſpace it. took up before. Yer, having caus'd ſeveral perſons to ſuck, 
ſeveral times, as ſtrongly as they could, they were not able, To much as for 
a minute, to raiſe the mercury in the longer, and make it ſubſide in. the 
ſhorter far more than an inch. And to ſhew, that the experiment was not 


favourably made for me; the height of the mercurial cylinder in the longer 


leg, above the ſurface of that in the ſhorter, was, at the time of ſuction, an 
inch or. two ſhort of thirty; and the compreſs'd air in the ſhorter leg, was 


ſo far from having. been expanded, by the exſuction, beyond its natural and 
. firſt dimenſions, that it did not, when the contiguous mercury ſtood as low 


as we could make it ſubſide, regain ſo much as. one half of the ſpace it 


bad loſt by the precedent compreſſure; and, uc / was in a preter- 


natural ſtate of condenſation, when it had been freed from that ſtate as 


far as ſuction could do it. Whence it ſeems evident, that it was not ob fu- 
am wacui, that the quick-ſilyer .did, upon ſuction, aſcend one inch; for 


upon 
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upon the ſame ſcore it ought to have aſcended two, or perhaps more inches; - 


ſince there was no danger, that by ſuch an aſcent, any Vacuum ſhould be 
produc'd,.or left in the ſhorter leg of the ſiphon. But, according to 
our hypotheſis, a clear cauſe of the phenomenon is aſſignable : for, be- 
fore the ſuction began, there was an equilibrium between the weight 


of the ſuperior quic ſilver, in the longer leg, and the {pring of the com- 


reſs'd air, included in the ſhorter ; but, when the perſon began to 


ck, his. cheſt being widen'd, ſome part of the air, included in the 


upper-part of the longer leg, paſs'd into it, and what remain'd, had, by 


that expanſion, its preſſure ſo weaken'd, that the air, in the ſhorter leg, 
finding no longer the: former reſiſtance, was able, by its own ſpring, to. 
expand itſelf, and, conſequently, to depreſs the contiguous mercury, in- 


the ſame ſhorter leg, and raiſe it as much in the longer. 


But here it may be objected, that if the compreſs'd air, in the ſhorter 
leg, had a ſpring equivalent to the weight of the mercury in the longer. 


leg, why is not the mercury ſuck'd up in this inſtrument, as well as in 
the free air; ſince, according to me, the preſſure of the included air, upon 


the ſubjacent mercury, muſt be equivalent to the weight of the atmo- 


ſphere : yer experience ſhews, that. the weight of the atmoſphere will, 
upon ſuction, raiſe quick: ſilver to the height of ſeveral inches? 


To clear this difficulty, and ſhew, that tis not waar gn let us conſi- 
$d. air, to be equi- 


der, that I make, indeed, the ſpring of the compr 
valent to the weight of the compreſſing mercury; and, I have a maniteft 
reaſon to do it; becauſe, if the ſpring of the air were not equivalent to 
that weight, the mercury muſt neceſſarily compreſs the air further; which 


tis granted, in fact, not to do. But then, in our caſe, there ought to be 


a great difference between the operation of the ſpring of the included 
air, and the weight of the atmoſphere, after ſuction has been once be- 


gun, For, the weight of the atmoſphere, that impels up mercury, and. 


other fluids, when ſuction is made in the open air, continues till the 


ſame ;- but the force, or preſſure of the included air, is equal to the coun- 


ter- preſſure of the mercury, no longer than the firſt moment of ſuction; 
after which, the force of the impriſon'd air, ſtill, gradually, decrea- 
ſes ; ſince this compreſſed air, being, more and more, expanded, muſt 
needs have its ſpring proportionably weaken d: ſo that tis no wonder 
that the mercury was not ſuck'd up any more than we have ſaid ; for 
there was nothing to make it aſcend. to a greater height than that at 


which the weaken'd ſpring of the expanded air was brought to balance 


the undiminiſh'd, and, indeed, ſomewhat increas'd weight of the mer- 


curial cylinder, in the longer leg; and the preſſure of the cylinder of 


air, in the ſame leg, leſſen'd by the action of him who ſtick'd. For; when 
the orifice of this leg ſtood open, the mercury was preſs d upon by a cylin- 


der of the atmoſpherical air, equivalent to about thirty inches of quick- 
ſilver ; but, by the mouth and action of him who ſuck d, the tube was 


fteed from the external air; and, by the dilatation of his- thorax; the 
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Vas W expanded, and had its ſpring and preſſure weaken d; 
by which means, the compreſs'd air in the ſhorter leg of the ſiphon, was 
enabled to impel up the mercury, till the equilibrium was attain'd. 
And, I muſt here take notice, that, as the quick-ſilver was rais'd by ſu- 

| Rion but a little way, ſo the cylinder rais'd, was g very long one; where- 
as, When the mercury is ſuek d up in the free air, it is ſeldom rais'd to 
half that length; tho, as I noted before, the impellent cauſe, which is the 
weight of the atmoſphere, continued ſtill the ſame: but, in our ſiphon, 
when the mercury was ſuck d up only an inch, the compreſs d air, poſ- 
ſeſſing double the ſpace it did before, had, by this expanſion, already 
loſt a very conſiderable part of its former ſpring and preſſure. cath 
Among the more familiar phenomena of the air-pump, none leaves ſo 
great a ſcruple, in the minds of ſome ſort of men, as that, when one's 
linger is laid cloſe upon the orifice of the little pipe, by which the air paſ- 

ſes from the receiver into the exhauſted cylinder, the pulp of the finger 

is made to enter, conſiderably, into the cavity of the pipe; which doth not 
happen without a moderate ſenſe of pain in the lower part of the finger: 

| for moſt of thoſe who are ſtrangers to hydroſtatics, perſuade themfelyes, 
that they feel this painful protuberance of the pulp of the finger, to be 

| effected not by preſſure, but diſtinctly by attraction. | 
A JTo this, we anſwer, that common air being a body not deſti- 
= tute of weight, the phenomenon is clearly explicable * the preſſure of it; 
| for, when the finger is firſt laid upon the orifice of the pipe, no pain, nor 
ſwelling is produced; becauſe the air, which is in the pipe, preſſes as well 
-againft that part of the finger which covers the orifice, as the ambient air 

«doth againſt the other parts of the ſame finger. But when, by pumping, 

the air in the pipe is made to paſs out of that, into the exhauſted cylin- 

der, there is nothing left in the pipe, whoſe preſſure can any thing near 
balance the undiminiſh*d preſſure of the external air, on the other parts of 

the finger ; and, conſequently, that air thruſts the moſt yielding and fleſhy 

art of the finger into the place where its preſſure is unreſiſted ; that 3s, 

into the cavity of the pipe, where this forcible intruſion cauſeth pain. 

To illuſtrate this, we took a glaſs pipe, of a convenient length, open 
at both ends, whoſe cavity was near an inch in diameter. To one and of 
this pipe, we caus'd to be firmly tied, a piece of very fine bladder, that 
had been oil'd, to make it both very limber, and unapt to admit water; 
and care was taken, that the piece of. bladder, tied on, ſhould be large 
enough, not only to cover the orifice, but to hang looſe, ſomewhat be- 
neath it. This done, we put the cover d end of the pipe into a tall glaſs- 

body; and the pipe being held ſo, that the end of it reach'd, almoſt, to 
the e of 14 glaſs, we caus'd water to be pouf d, both into this veſ- 
ſel, and into the pipe, at its upper orifice, which was left open, that the 
water might aſcend, equally, both without and within ſide of it. And 
when the glaſs-body was full of water, and the ſame liquor level t0git, 
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or a little higher within the pipe, the bladder at the lower orifice Was Psrvieanics. 


kept plump; becauſe the water, within the pipe, did, by its weight, preſs 


as forcibly downwards, as the external water, in the large glaſs, endea- 
vour d to 2 it inwards and upwards. Then we — part of the 
water in the pipe, to be taken out of it, by a piece of ſpunge, or by ſuction 
with a ſmaller pipe; upon which, the water remaining in the pipe, being 
no longer able, thro* want of weight, to preſs againſt the inſide of the 
bladder, near ſo forcibly as it did before ; the external water, whoſe 
weight was not leſſen d, preſs'd the ſides and bottom of the bladder, 
whereto it was contiguous, into the cavity of the pipe, and thruſt it u 

therein ſo ſtrongly, that the diſtended bladder made a kind of hemiſphere 
within the pipe. Here, then, we have a protuberance, like that ve- 


mention d of the finger, effected by pulſion, not attraction; and, in a caſe 


where there can be no juſt pretence for having recourſe to nature's abhor- 
rence of a vacuum; ſince the upper orifice of the pipe being left wide open, 
the air might, freely, paſs in and-out. 

The like ſwelling of the bladder, we could procure, without taking 
out any of the internal liquor, by plunging the pipe deeper into the wa- 
ter; for then the external liquor having, by its increaſe of depth, A greater 
preſſure on the outſide of the bladder, than the internal liquor had on 
the inſide of it, the bladder muſt yield to the ſtronger preſſure, and con- 
ſequently be impell'd up. 

f the bladder, lying looſe at the lower-end of the pipe, the upper-end 
were carefully cloſed, that the air might not get out; and if the pipe, thus 
.cloſed, were thruſt, almoſt, to the bottom of the water, the bladder 
would not be protuberant inwards, as formerly ; becauſe the included air, 
by virtue of its ſpring, reſiſted, from within, the preſſure of the external 
water againſt the outſide of the bladder. But the upper orifice of the pipe 
being unſtopp'd, the air, before compreſs'd, having liberty to expand 
itſelf, and its elaſticity being weaken'd thereby; the external water would, 
ſuddenly, with noiſe, drive up the bladder into the-cavity of the pipe, and 

there keep it very protuberant. 

Jo obviate an objedtion, that might be brought, thro want of skill in 


 thydroftatics, I caus'd ſuch a pipe, as the former, to be ſo bent, near the 


lower-end, that the orifice of it ſtood quite on one ſide, in a right angle. 


This lower orifice being fitted with a bladder, and the pipe, with its 


contain'd liquor, being thruſt under water, after the former manner ; the 
lateral preſſure of rhe water ford the bladder into the ſhort horizontal 


leg, and made it protuberant there, as it had done when the pipe was 


ſtreight. 0 : : 
Laſtly, that the experiment might not appear confind to one li- 
quor; inſtead of water, we put into the ſtreight pipe, as much red-wine 


as was requiſite to keep the bladder bulging, when near the bottom of 


the water; and then ſaw the ſuperficies of the red liquor, in the pipe, 
was much higher than that of the external water: and, if the —_ < 
| bo 


by 0 — 
= > o 


ao 


1 - The Nuture of Sudtion explained. 
| doch lauer r the difference of height betwixt 


pipe were thruſt deeper into the water, the bladder would be made 10 


chat theſe phenomena, without recourſe to attraction, may be explain d. 
barely from. the equilibrium of liquors. 


the two ſt would, indeed, as it ought, decreaſe; but ſtill the ſur- 
face of the wine would be the higher of the two; becauſe, being lighter 
in ſpecie, than common water, the equilibrium between the preſſures 
of the two liquors, upon the bladder, would not be maintain d, unleſs a 
greater height af wine ſupply its want of ſpecific gravity. And, if the 


t inwards, as when it contain d water. *Tis, therefore, evident, 


The End of the Second Volume:. 
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